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OMICRON SARS-COV-2 ASSAY

PRIORITY

[0001] This application claims priornity to US Provisional
Patent 63/307,195 filed February 7, 2022, which 1s mncorpo-
rated herein by reference 1n 1ts entirety.

STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH

[0002] This mvention was made with government support
under HHSN272201600013C, AIl134907, All45617, and

UL1TR001439 awarded by the National Institutes of Health
(NIH). The government has certain rights in the mvention.

REFERENCE TO SEQUENCE LISTING

[0003] A sequence listing required by 37 CFR 1.821-
1.825 15 being submutted electronically with this application.
The sequence listing 1s mcorporated herein by reference.

BACKGROUND

[0004] Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) continues to evolve, leading to the emer-
oence of variants of concern (VoC), variants of interest,
and vanants of monitoring. These variants can increase
viral transmission, immune evasion, and/or disease severity
(Plante et al., Nature, do1:10.1038/s41586-020-2895-3
2020; Xie et al., Nat Med 27, 620-621, 2021; Liu et al.,
Nature, do1:10.1101/2021.03.08.434499  2021). The
recently emerged Omicron variant (B.1.1.529) was first
1dentified 1n South Africa on November 2. 2021, and was
designated as a new VoC on November 26, along with the
tour previous VoCs: Alpha, Beta, Gamma, and Delta (URL
who.int/news/item/26-11-2021-classification-of-omicron-
(b.1.1.529)-sars-cov-2-variant-of-concern, 2021). Since 1ts
emergence, Omicron has rapidly spread to over 89 coun-
tries, with case doubling 1n as little as 1.5 to 3 days, leading
to global surges of COVID-19 cases (Agency, U. H. S.
SARS-CoV-2 variants of concern and variants under inves-
tigation in England. Technical brief 31, 2021). Compared to
prior variants, the Omicron spike glycoprotein has accumu-
lated more spike mutations, with over 34 mutations, many
of which are known to evade antibody neutralization (e.g.,
K417N, N440K, S477N, E484A and Q493R) or to enhance
spike/hACE?2 receptor binding (¢.g., Q498R, N501Y, and
D614G)( Plante et al., Nature, doi:10.1038/s41586-020-
2895-3, 2020; Liu et al, Nature, do1:10.1101/
2021.03.08.434499, 2021; Chen et al., Nat Med 27, 717-
726, 2021; Ku et al., Nature Communications, doi.org/
10.1038/s41467-41020-20789-414677, 2021). The high
number of spike mutations 1s associated with decreased
potency of antibody therapy and increased breakthrough
Omicron mifections m vaccimated and previously infected
individuals (Agency, U. H. S. SARS-CoV-2 variants of con-
cern and variants under mvestigation 1n England. Technical
brief 31, 2021). Laboratory studies are urgently needed to
examine the susceptibility of Omicron SARS-CoV-2 to vac-
cme-clicited and mtection-elicited neutralization. There 1s a
need for methods and compositions for examination of
cross-neutralization of Omicron, for example cross-neutra-
lization by antibodies derived from previous non-Omicron
infection.
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SUMMARY

[0005] The need for additional assays for characterization
of Omicron 1s addressed by the compositions and assays
described heremn. Certamn embodiments are directed to a
recombinant SARS-CoV-2 nucleic acid segment encoding
a heterologous Coronavirus S protein and a reporter protein.
In certain aspects the heterologous Coronavirus S protein 1s
the S protein encoded by the Omicron Coronavirus variant.
In certain aspects the reporter protein replaces the OREF7a
encoding segment of Coronavirus. The reporter protein can
be, for example but not limited to mNeonGreen (e.g., SEQ
ID NO:4 and SEQ ID NO:5) or nanoluciterase reporter (€.¢.,
SEQ ID NO:6 and SEQ ID NO:7)). The recombinant SARS-
CoV-2 can be encoded by SEQ ID NO:1. In certain aspects
the nucleic acid segment encoding the heterologous S pro-
tein has a nucleic acid sequence that 1s at least 95, 96, 97, 98,
99, to 100% 1dentical to the nucleic acid sequence

atgtttgtttttecttgttttattgeccactagtctetagtcagtgtgttaa
tcttacaaccagaactcaattacccectgcatacactaattectttecacac
gtggtgtttattaccctgacaaagttttcagatcectcagttttacatteca
actcaggacttgttcttacctttecttttccaatgttacttggttccatgt
tatctctgggaccaatggtactaagaggtttgataaccctgtecctaccat
ttaatgatggtgtttattttgcttccattgagaagtctaacataataaga
ggctggatttttggtactactttagattcgaagacccagtccctacttat
tgttaataacgctactaatgttgttattaaagtctgtgaatttcaatttt
gtaatgatccatttttggaccacaaaaacaacaaaagttggatggaaagt
gagttcagagtttattctagtgecgaataattgcacttttgaatatgtectc
tcageccttttecttatggaccttgaaggaaaacagggtaatttcaaaaatc
ttagggaatttgtgtttaagaatattgatggttattttaaaatatattct
aagcacacgcctattatagtgcgtgagccagaagatcteccecctcagggttt
ttcggctttagaaccattggtagatttgccaataggtattaacatcacta
ggtttcaaactttacttgctttacatagaagttatttgactcctggtgat
tcttcttcaggttggacagectggtgectgcagettattatgtgggttatet
tcaacctaggacttttctattaaaatataatgaaaatggaaccattacag
atgctgtagactgtgcacttgaccctctctcagaaacaaagtgtacgttyg
aaatccttcactgtagaaaaaggaatctatcaaacttctaactttagagt
ccaaccaacagaatctattgttagatttcecctaatattacaaacttgtgcc
cttttgatgaagtttttaacgccaccagatttgcatctgtttatgettygg
aacaggaagagaatcagcaactgtgttgctgattattctgtcctatataa
tctcecgcaccatttttcacttttaagtgttatggagtgtctcctactaaat
Taaatgatctctgcectttactaatgtctatgecagattcatttgtaattaga
ggtgatgaagtcagacaaatcgcectccagggcaaactggaaatattgectyga
ttataattataaattaccagatgattttacaggctgcgttatagettgga
attctaacaagcttgattctaaggttagtggtaattataattacctgtat
agattgtttaggaagtctaatctcaaaccttttgagagagatatttcaac
CLgaaatctatcaggceccggtaacaaaccttgtaatggtgttgcaggtttta
attgttactttcectttacgatcatatagtttccgacccacttatggtgtt
ggtcaccaaccatacagagtagtagtactttcecttttgaacttctacatgce
accagcaactgtttgtggacctaaaaagtctactaatttggttaaaaaca
aatgtgtcaatttcaacttcaatggtttaaaaggcacaggtgttcttact
gagtctaacaaaaagtttctgcecctttccaacaatttggcagagacattgce
tgacactactgatgctgtccgtgatccacagacacttgagattcecttgaca
ttacaccatgttcttttggtggtgtcagtgttataacaccaggaacaaat
acttctaaccaggttgctgttcectttatcagggtgttaactgcacagaagt
ccctgttgctattcatgcagatcaacttactecctacttggegtgtttatt
ctacaggttctaatgtttttcaaacacgtgcaggctgtttaataggggct
gaatatgtcaacaactcatatgagtgtgacatacccattggtgcaggtat
atgcgctagttatcagactcagactaagtctcatecggecgggecacgtagtyg
tagctagtcaatccatcattgecctacactatgtcacttggtgcagaaaat
Ctcagttgcttactctaataactctattgccatacccacaaattttactat
tagtgttaccacagaaattctaccagtgtctatgaccaagacatcagtag
attgtacaatgtacatttgtggtgattcaactgaatgcagcaatcttttg
Cttgcaatatggcagtttttgtacacaattaaaacgtgectttaactggaat
agctgttgaacaagacaaaaacacccaagaagtttttgcacaagtcaaac
aaatttacaaaacaccaccaattaaatattttggtggttttaatttttca
caaatattaccagatccatcaaaaccaagcaagaggtcatttattgaaga
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-continued

tctacttttcaacaaagtgacacttgcagatgectggettcatcaaacaat
atggtgattgccttggtgatattgctgctagagacctecatttgtgcacaa
aagtttaaaggccttactgttttgeccacctttgcectcacagatgaaatgat
tgctcaatacacttctgcactgttagcgggtacaatcacttctggttygga
cctttggtgcaggtgectgcattacaaataccatttgectatgcaaatgget
tataggtttaatggtattggagttacacagaatgttctctatgagaacca
aaaattgattgccaaccaatttaatagtgctattggcaaaattcaagact
cactttcttccacagcaagtgcacttggaaaacttcaagatgtggtcaac
cataatgcacaagctttaaacacgcttgttaaacaacttagctccaaatt
tggtgcaatttcaagtgttttaaatgatatcttttcacgtcttgacaaag
ttgaggctgaagtgcaaattgataggttgatcacaggcagacttcaaagt
ttgcagacatatgtgactcaacaattaattagagctgcagaaatcagagc
ttctgctaatcttgctgectactaaaatgtcagagtgtgtacttggacaat
caaaaagagttgatttttgtggaaagggctatcatcttatgtceccttcecect
cagtcagcacctcatggtgtagtcttcttgcatgtgacttatgtcecectge
acaagaaaagaacttcacaactgctecctgeccatttgtcatgatggaaaag
cacactttcctecgtgaaggtgtectttgtttcaaatggecacacactggttt
gtaacacaaaggaatttttatgaaccacaaatcattactacagacaacac
atttgtgtctggtaactgtgatgttgtaataggaattgtcaacaacacag
tttatgatcctttgcaacctgaattagactcattcaaggaggagttagat
aaatattttaagaatcatacatcaccagatgttgatttaggtgacatctc
tggcattaatgcttcagttgtaaacattcaaaaagaaattgaccgcecctca
atgaggttgccaagaatttaaatgaatctctcatcgatctccaagaactt
gJgaaagtatgagcagtatataaaatggccatggtacatttggctaggttt
tatagctggcttgattgccatagtaatggtgacaattatgectttgctgta
tgaccagttgctgtagttgtctcaagggectgttgttcttgtggatecctgc
tgcaaatttgatgaagacgactctgagccagtgctcaaaggagtcaaatt
acattacacataa (SEQ ID NO:2Z).

The encoded heterologous S protein can have an amino acid
sequence that 1s at Ieast 93, 96, 97, 98, 99, to 100% 1dentical
to

MEVFLVLLPLVSSQUCVNLTTRTQLPPAYTNSFTRGVYYPDKVERSSVLHS
TOQDLEFLPFESNVTWEFHVISGTNGTKRFDNPVLPFNDGVYFASTEKSNI IR
GWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPEFLDHKNNKSWME S
EFRVYSSANNCTEFEYVSQPFLMDLEGKQGNEFKNLREFVEKNIDGY FKIYS
KHTPI IVREPEDLPOQGEFSALEPLVDLPIGINITREFQTLLALHRSY LTPGD
oooGWTAGAAAYYVOYLOPRTFLLKYNENGTITDAVDCALDPLSETKCT L
KSETVEKGIYQTSNERVOPTES IVRFPNITNLCPEDEVENATRFASVYAW
NRKRISNCVADYSVLYNLAPFFTFKCYGVSPTKLNDLCETNVYADSEVIR
GDEVRQIAPGQTGNIADYNYKLPDDFTGCVIAWNSNKLDSKVSGNYNYLY
RLERKSNLKPEFERDISTEIYQAGNKPCNGVAGENCYFPLRSYSFRPTYGV
GHOPYRVVVLSFELLHAPATVCGPRKKSTNLVKNKCVNENEFNGLKGTGVLT
ESNKKFLPEQOFGRDIADTTDAVRDPOTLEILDITPCSEFGGYVSVITPGTN
TONQVAVLYQGVNCTEVPVAITHADQLTPTWRVY STGSNVEQTRAGCLIGA
EYVNNSYRECDIPIGAGICASYQTQTKSHRRARSVASQST TAYTMSLGAEN
SVAYSNNS TATPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLL
LOYGSFCTQLKRALTGIAVEQDKNTOEVEFAQVKQIYKTPPIKYFGGENES
QILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQ
KFKGLTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALQ T PEAMOMA
YRENGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLODVVN
HNAQALNTLVKQLSSKEGALSSVLNDI FSRLDKVEAEVOIDRLITGRLOS
LOTYVITQOLIRAARIRASANLAATKMSECVLGRQSKRVDEFCGKGYHLMSEP
QSAPHGVVELHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEFVSNGTHWE
VIQRNEFYRPQITITTDNTEFVSGNCDVVIGIVNNTVYDPLOQPELDSEFKERLD
KYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOEL
GKYEQY TKWPWY IWLGFIAGLIAIVMVTIMLCCMTSCCSCLRKGCCSCGSC
CKEFDEDDSEPVLKGVKLHYT SEQ ID NO:3.

In certain aspects, the encoded heterologous S protein has an
amino acid sequence of SEQ ID NO:3. In certain aspects the
heterologous S protein can include any combination of sub-
stitution(s), msertion(s) or deletion(2) mncluding 1, 2, 3, 4, 3,
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6,7,8,9,10,11,12,13,14,15,16,17,18, 19,20, 21,22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35 or more amino
acid substitutions or variants with respect to SEQ 1D NO:3;
al, 2, 3. 4. 5 deletion of consecutive amino acids, and/ora 1,
2, 3, 4, 5, amino acid msertion. Thus, theheterologous S
protein can be an S protein variant. The recombinant
SARS-CoV-2 nucleic acid segment can be at least 95, 96,
97, 98, 99, to 100% 1dentical to the nucleic acid sequence of
SEQ ID NO:1. In certain aspects the expression cassette 1S
comprised 1 a plasmid backbone. The SARS-CoV-2
nucleic acid segment can be operatively coupled to a hetero-
logous promoter segment.

[0006] Certain embodiments are directed to host cells
comprising an expression cassette as described herein or a
recombmant SARS-CoV-2 RNA ftranscribed from an
expression cassette described herein.

[0007] Other embodimments are directed to recombinant
SARS-CoV-2 genomes comprising a nucleic acid sequence
encoding a heterologous S protem and a reporter protein
replacing an ORF7a encoding segment. The reporter protein
can be a fluorescent or luminescent protein, or other detect-
able polypeptide or transcript. In certain aspects the fluores-
cent protein 18 a mNeonGreen protein. In certain aspects the
luminescent protein 1s a nanoluciferase protem.

[0008] Certain embodiments are directed to a recombinant
cDNA encoding a heterologous S protein and a reporter pro-
tein replacing an OREF7a. In certain aspects the recombinant

cDNA comprises a nucleotide sequence that 1s at least 95,

96, 97, 98, 99 to 100% 1dentical to SEQ ID NO:1.
[0009] Other embodiments are directed to assays for

SARS-CoV-2 replication comprising: (1) contacting a cul-
tured cell expressing or containing a SARS-CoV-2 nucleo-
tide sequence as described herein forming a test cell; (1)
contacting the test cell with a test agent; and (111) assessing
the replication of the SARS-CoV-2 m the presence of the
test agent. In certain aspects the cultured cell 1s a Vero
cell. The cultured cell can be assayed 1n a multi-well plate.
In certain aspects the multi-well plate 1s a 96 well microtiter
plate. The cells can be incubated for about 12, 24, 36, or 48
hours before measuring the reporter signal.

[0010] The term “coronavirus™ refers to a virus whose
genome 18 plus-stranded RNA of about 27 kb to about 33
kb 1n length depending on the particular virus. The virion
RINA has a cap at the 5' end and a poly A tail at the 3' end.
The length of the RNA makes coronaviruses the largest of
the RNNA virus genomes. Coronavirus RNAs can encode: (1)
an RNA-dependent RNA polymerase; (2) N-proteimn; (3)
three envelope glycoproteins; and (4) three non-structural
protems. These coronaviruses mfect a variety of mammals
and birds. They cause respiratory infections (common),
enteric infections (mostly mn mfants >12 mo.), and possibly
neurological syndromes. Coronaviruses are transmitted by
acrosols of respiratory secretions. Coronaviruses are exems-
plified by, but not limited to, human enteric SARS-CoV-2
(GenBank accession number NC 045512.2), coV (ATCC
accession # VR-1475), human coV 229E (ATCC accession
# VR-740), human coV OC43 (ATCC accession # VR-920),
and SARS-coronavirus (Center for Disease Control).
[0011] The term “nucleic acid” refers to a polymeric com-
pound comprising nucleosides or nucleoside analogs which
have nitrogenous heterocyclic bases or base analogs linked
together to form a polynucleotide, including conventional
RNA, DNA, mixed RNA-DNA, and polymers that are ana-
logs thereof. A nucleic acid “backbone” may be made up of
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a variety of linkages, mcluding one or more of sugar-phos-
phodiester linkages, peptide-nucleic acid bonds (“peptide
nucleic acids” or PNA; PCT No. WO 95/32305), phosphot-
othioate linkages, methylphosphonate linkages, or combina-
tions thereof. Sugar moieties of a nucleic acid may be
ribose, deoxyribose. Nitrogenous bases may be conven-
tional bases (A, G, C, T, U), analogs thercof (e.g., 1nosine
or others; see The Biochemistry of the Nucleic Acids 5-36,
Adams et al., ed., 11th ed., 1992)

[0012] As used herein, “expression” refers to the process
by which polynucleotides are transcribed into RNA tran-
scripts. In the context of mRNA and other translated RNA
species, “expression” also refers to the process or processes
by which the transcribed RNA 1s subsequently translated
into peptides, polypeptides, or proteins.

[0013] The term “recombinant” refers to an artificial com-
bmation of two otherwise separated segments of nucleic
acid, €.g., by chemical synthesis or by the manipulation of
1solated segments of nucleic acids by genetic engineering
technmques.

[0014] The term “SARS-CoV-2 replicon” 1s used to refer
to a nucleic acid molecule expressing SARS-CoV-2 genes
such that 1t can direct 1ts own replication (amplification).
[0015] The term “SARS-CoV-2 replicon particle” refers to
a virion or virion-like structural complex mcorporating a
SARS-CoV-2 replicon.

[0016] The term “SARS-CoV-2 reporter virus” refers to a

virus that 1s capable of directing the expression of a
sequence(s) or gene(s) of mterest. The reporter construct
can mclude a 5' sequence capable of mmitiating transcription
of a nucleic acid encoding a reporter molecule or protemn
such as luciferase, fluorescent protemn, Neo, SV2 Neo,
hygromycin, phleomycin, histidinol, and DHFR. The repor-
ter virus can be used an indicator of mifection of a cell by a
SARS-CoV-2 virus.

[0017] The term “expression vector” refers to a nucleic
acid that 1s capable of directing the expression of a
sequence(s) or gene(s) of mterest. The vector construct can
include a 5' sequence capable of mtiating transcription of a
nucleic acid, e.g., all or part of a SARS-CoV-2 virus. The
vector may also include nucleic acid molecule(s) to allow
tor production of virus, a 5' promoter that 1s capable of niti-
ating the synthesis of viral RNA 1n vitro from ¢cDNA, as well
as one or more restriction sites, and a polyadenylation
sequence. In addition, the constructs may contain selectable
markers such as Neo, SV2 Neo, hygromycin, phleomycin,
histidinol, and DHFR. Furthermore, the constructs can
include plasmmid sequences for replication 1n host cells and
other functionalities known 1n the art. In certain aspects the
vector construct 1s a DNA construct.

[0018] The term “expression cassette” refers to a nucleic
acid segment capable of directing the expression of one or
more nucleic acids, or one or more nucleic acids that are in
turn translated 1nto an expressed protein.

[0019] Other embodiments of the invention are discussed
throughout this application. Any embodiment discussed
with respect to one aspect of the mvention applies to other
aspects of the invention as well and vice versa. Each embo-
diment described herein 1s understood to be embodiments of
the mvention that are applicable to all aspects of the mven-
tion. It 1s contemplated that any embodmment discussed
herem can be mmplemented with respect to any method or
composition of the mvention, and vice versa. Furthermore,
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compositions and kits of the mvention can be used to
achieve methods of the invention.

[0020] The use of the word “a” or “an” when used 1 con-
junction with the term “comprising” 1n the claims and/or the
specification may mean “one,” but 1t 1s also consistent with
the meaning of “one or more,” “at least one,” and “one or
more than one.”

[0021] Throughout this application, the term “about” 1s
used to indicate that a value includes the standard deviation
of error for the device or method being employed to deter-
mine the value.

[0022] The use of the term “or” 1n the clamms 1s used to
mean “and/or” unless explicitly indicated to refer to alterna-
tives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to
only alternatives and “and/or.”

[0023] As used 1n this specification and claim(s), the
words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any
form of including, such as “includes” and “include™) or
“containing” (and any form of containing, such as “con-
tams” and “contain”) are mclusive or open-ended and do
not exclude additional, unrecited elements or method steps.
[0024] As used herein, the terms “comprises,” “compris-
ing,” “imncludes,” “including,” “has,” “having,” “contains”,
“containing,” ““characterized by” or any other variation
thereof, are mntended to encompass a non-exclusive inclu-
sion, subject to any limitation explicitly mndicated otherwise,
of the recited components. For example, a chemical compo-
sition and/or method that “comprises” a list of elements
(e.g., components or features or steps) 1s not necessarily lim-
ited to only those elements (or components or features or
steps) but may mclude other elements (or components or
features or steps) not expressly listed or inherent to the che-

mical composition and/or method.
[0025] As used herein, the transitional phrases “consists

of” and “consisting of” exclude any element, step, or com-
ponent not specified. For example, “consists of” or “consist-
ing of” used 1n a claim would limit the claim to the compo-
nents, materials or steps specifically recited in the claim
except for mmpurities ordinarily associated therewith (1.¢.,
impurities within a given component). When the phrase
“consists of” or “consisting of” appears 1 a clause of the
body of a claim, rather than immediately following the pre-
amble, the phrase “consists of” or “consisting of” limits only
the elements (or components or steps) set forth in that
clause; other elements (or components) are not excluded

from the claim as a whole.
[0026] As used herein, the transitional phrases “consists

essentially of” and ““consisting essentially of” are used to
define a chemical composition and/or method that includes
materials, steps, features, components, or elements, 1n addi-
tion to those literally disclosed, provided that these addi-
tional materials, steps, features, components, or elements
do not materially attect the basic and novel characteristic(s)
of the claimed mvention. The term “consisting essentially
of” occupies a middle ground between “comprising” and
“consisting of”.

[0027] Other objects, features and advantages of the pre-
sent mvention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while
indicating specific embodiments of the mvention, are given

ar A A
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by way of illustration only, since various changes and mod-
ifications within the spirit and scope of the mvention will
become apparent to those skilled 1n the art from this detailed
description.

DESCRIPTION OF THE DRAWINGS

[0028] The following drawings form part of the present
specification and are included to further demonstrate certan
aspects of the present imnvention. The invention may be bet-
ter understood by reference to one or more of these drawings
in combination with the detailed description of the specifi-
cation embodiments presented herem.

[0029] FIGS. 1A-1B. Reduced neutralization of Omicron
SARS-CoV-2 by previous non-Omicron viral infection.
50% fluorescent focus reduction neutralization titers
(FFRNTs,) were measured for two serum panels from
patients previously nfected with non-Omicron SARS-
CoV-2. The first serum panel was collected at 1-month
post-infection (n=64) and the second panel collected at 6-
months post-infection (n=36). For each serum, FFRNTj,
values were determined agamst mNG USA-WA1/2020 and
Omicron-spike SARS-CoV-2. (A) FFRNT,s of 1-month
post-infection sera. (1B) FFRINT 548 of 6-month post-infec-
fion sera. Table 1 and Table 2 summarize the FFRNT;,
values and serum 1mformation for (A) and (B), respectively.
Each symbol of dots (A) and triangles (B) represents one
serum specimen. The FFRNT;, value for each serum was
determuned m duplicate assays and 1s presented as the geo-
metric mean. The bar heights and the numbers above each
set of data mdicate geometric mean fiters. The whiskers
indicate 95% confidence mtervals. The dotted line indicates
the first serum dilution (1:20) of the FFRNT assay. The
FFRNTsq values of sera that did not show any inhibition
of viral infection are presented as 10 for plot purposes and
statistical analysis. Statistical analysis was performed using
the Wilcoxon matched-pairs signed-rank test. The statistical
significance of the difference between the geometric mean
titers against USA-WA1/2020 and Omicron-spike SARS-
CoV-2 1s p <0.0001 1n both (A) and (B).

[0030] FIG. 2. Construction of mNeonGreen (mNG) Omi-
cron-spike SARS-CoV-2. mNG USA-WA1/2020 was used
to engineer the complete spike gene from the Omicron var-
1ant, resulting in mNG Omicron-spike SARS-CoV-2. Muta-
tions (red circle), deletions (x), and 1nsertions (+) are mndi-
cated. Nucleotide and amino acid positions are depicted. L:
leader sequence; ORF: open reading frame; RBD: receptor
binding domain; S: spike glycoprotein; S1: N-terminal furin
cleavage fragment of S; S2: C-termunal furin cleavage frag-
ment of S; E: envelope protein; M: membrane protein; N:
nucleoprotein; UTR: untranslated region.

[0031] FIG. 3. Fluorescent foci of mNG USA-WA1/2020
and mNG Omicron-spike SARS-CoV-2 on Vero E6 cells.
Origmal and processed images were collected by high-con-
tent 1imaging. The protocol of the fluorescent focus reduction
neutralization test (FFRNT) 1s described mm Methods. See

FIG. 4 for the experimental scheme of FFRNT.
[0032] FIG. 4 Experimental scheme of fluorescent focus

reduction neutralization test (FFRNT). The FFRNT protocol
1s described i Methods.

[0033] FIGS. S5A-5B. Reduced neutralization against
Omicron SARS-CoV-2 by previous non-Omicron viral
infection. 50% fluorescent focus reduction neutralization
titers (FFRNT5,) were measured for two serum panels
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from COVID-19 patients previously infected with non-
Omicron SARS-CoV-2. The first serum panel was collected
at 1-month post-imtection (n=64) and the second panel col-
lected at 6-month post-infection (n=36). For each serum,
two FFRNTsq values agammst mNG USA-WA1/2020 and
Omicron-spike SARS-CoV-2 are connected by a line. (A)
FFRNTs0s of 1-month post-infection sera. (B) FFRNTs4s
of 6-month post-infection sera. Table 1 and Table 2 summar-
1z¢ the FFRINT 5, values and serum imformation for (a) and
(b), respectively.

[0034] FIGS. 6A-6B. FFRNT;5, of 6 pairs of 1- and 6-
month post-infection sera from same patients. (A)
FFRNTs0s of 1-month post-infection sera against mNG
USA-WA1/2020 and Omicron-spike SARS-CoV-2. (B)
FFRNT;,s of 6-month post-infection sera against mNG

USA-WA1/2020 and Omicron-spike SARS-CoV-2.
[0035] FIGS. 7A-7D. Neutralization of Omicron subli-

neages before and after 4 doses of mRNA vaccine. (A) Con-
struction of Omicron sublineage-spike mNG SARS-CoV-2.
mNG USA-WA1/2020 SARS-CoV-2 was used to engineer
Omicron-spike SARS-CoV-2s. The mNG reporter gene was
engmeered at the open-reading-frame-7 (ORF7) of the
USA-WA1/2020 genome.1 Amino acid mutations, deletions
(A), and msertions (Ins) are indicated for variant spikes in
reference to the USA-WA1/2020 spike. L: leader sequence;
ORF: open reading frame; N'TD: N-terminal domain of S1;
RBD: receptor binding domain of S1; S: spike glycoproten;
S1: N-terminal furin cleavage fragment of S; S2: C-terminal
furin cleavage fragment of S; E: envelope protein; M: mem-
brane protein; N: nucleoproteimn; UTR: un-translated region.
Twenty-five pairs of human sera were collected 3-8 months
after dose 3 and 1-3 months after dose 4 mRNA vaccine.
The FFRNT50s for mNG BA.1-, BA.2-, BA.2.12.1, BA.3-
, and BA.4/5-spike SARS-CoV-2s were determined 1n
duplicate assays; the FFRNT50 for USA-WA1/2020
SARS-CoV-2 was determined 1 two independent ex-peri-
ments, each with duplicate assays. (B) FFRNTS50 of sera
collected before dose 4 vaccine. The bar heights and the
numbers above indicate neutralizing GMTs. The whisk-ers
indicate 95% CI. The fold of GMT reduction against each
Omicron sublineage, com-pared with the GMT against
USA-WA1/2020, 1s shown 1 italic font. The dotted line
indi-cates the limit of detection of FFRNTS50. FFRNT30 of

<20 was treated as 10 for plot pur-pose and statistical ana-
lysis. The p values (Wilcoxon matched-pairs signed-rank
test) for group comparison of GMTs are the following.
USA-WA1/2020 wversus all Omicron sublineage-spike:
<(0.0001; BA.l-spike versus BA.2-, BA.2.12.1-, BA.3-,
BA.4/5-spike: 0.004, 0.0336, <0.0001, < 0.0001, respec-
tively; BA.2-spike versus BA.2.12.1-, BA.3-, BA.4/5-
spike: 0.5, 0.065, 0.0083, respectively. BA.2.12.1-spike ver-
sus BA.3-, BA.4/5-spike: 0.0098, 0.0002, respectively;
BA.3-spike versus BA.4/5-spike: 0.156. (C) FFRNTS50 of
sera collected after dose 4 vaccine. The p values (Wilcoxon
matched-pairs signed-rank test) for group comparison of
GMTs are the following. USA-WA1/2020 versus all Omi-
cron sublineage-spike: <0.0001; BA.1-spike versus BA.2-,
BA.2.12.1-, BA.3-, BA.4/5, BA.2.75-spike: 0.008, 0.033,
<0.0001, < 0.0001, 0.37, respectively; BA.2-spike versus
BA2.12.1-, BA.3-, BA.4/5, BA.2.75-spike: 0.12, <0.0001,
<0.0001, 0.56, respectively; BA.2.12.1-spike versus BA.3-,
BA.4/5, BA.2.75-spike: 0.0002, <0.0001, 0.94, respective-
ly; BA.3-spike versus BA.4/5-, BA.2.75-spike: 0.0009,
0.13, respectively; BA.4/5-spike versus BA.2.75-spike:
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0.017. (D) FFRNT50 values with connected lines for each
serum pair before and after dose 4 vaccie. The GMT fold
increase betore and after dose 4 1s shown 1n 1talic font. The p
values of GMT (Wilcoxon matched-pairs signed-rank test)
be-tfore and after dose 4 vaccines are all <0.0001. The p
values(Friedman with Dunn's multiple comparisons test)
tor group comparison of the increase m neutralization of
sera agaimnst different vanants are the fllowing. BA.4/5-
spike (5.6 tolds) verus WAL (10.8 folds), BA.1-spike (11.2
folds), BA.2-spike (9.8 folds): 0.042, 0.0007, 0.048,
respectively.

[0036] FIGS. 8A-8B. Neutralization of Omicron subli-
neages after 2 or 3 doses of mRNA vaccine and BA.1 1n-
tection. (A) FFRNTS50 of 2-dose-vaccine-plus-BA.1-1infec-
tion sera. Twenty-nine sera were collected from mndividuals
who recerved 3 doses of vaccine and subsequently con-
tracted BA.1 breakthrough mfection. The GMT reduction
fold against each Omicron sublincage and USA-WA1/2020
1s shown 1n 1talic font. The dotted line indicates the limat of
detection of FFRINT50. FFRNT50 of <20 was treated as 10
for plot purpose and statistical analysis. USA-WA1/2020
versus  BA.l-spike, other sublineage-spikes: 0.053,
<0.0001, respective-ly; BA.1-spike versus other subline-
age-spike: <0.0001; BA.2-spike versus BA.2.12.1-, BA.3-,
BA.4/5-spike:  0.0006, 0.0215, <0.0001, respectively;
BA.2.12.1-spike versus BA.3- and BA.4/5-spike: 0.0309,
<0.0001, respectively; BA.3-spike versus BA.4/5-spike
SARS-CoV-2: <0.0001. (B) FFRNT50 of 2-dose-vaccine-
plus-BA.1-mfection sera. Thirty-eight sera were collected
from individuals who received 3 doses of vaccine and
subse-quently contracted BA.1 mfection. The p values (Wil-
coxon matched-pairs signed-rank test) for group comparison
of GMTs are indicated below. USA-WA1/2020 versus all
Omicron sublineage-spike: <0.0001; BA.l-spike versus
other sublineage-spike: <0.0001; BA.2-spike versus Omi-
cron BA.2.12.1-, BA.3-, BA.4/5, BA.2.75-spike: 0.0082,
(0.9095, <0.0001, 0.093, respectively; BA.2.12.1-spike ver-
sus Omicron BA.3-, BA.4/5, BA.2.75-spike: 0.0018,
<0.0001, 0.58, respectively; BA.3-spike versus BA.4/5-,
BA.2.75-spike: <0.0001, 0.062, respectively; BA.4/5-spike
versus BA.2.75-spike: <0.0001.

DESCRIPTION

[0037] The following discussion 1s directed to various
embodiments of the invention. The term “mnvention™ 1s not
intended to refer to any particular embodiment or otherwise
limit the scope of the disclosure. Although one or more of
these embodiments may be preferred, the embodiments dis-
closed should not be interpreted, or otherwise used, as limit-
ing the scope of the disclosure, including the claims. In addi-
tion, one skilled 1n the art will understand that the following
description has broad application, and the discussion of any
embodiment 1s meant only to be exemplary of that embodi-
ment, and not intended to mtimate that the scope of the dis-
closure, imncluding the claims, 18 limited to that embodiment.
[0038] The explosive spread of the Omicron SARS-CoV-2
varnant underscores the mmportance of analyzing the cross-
protection from previous non-Omicron infection. A high-
throughput neutralization assay for Omicron SARS-CoV-2
was developed by engineering the Omicron spike gene nto
an mNeonGreen USA-WA1/2020 SARS-CoV-2. Using this
assay, the neutralization titers of patient sera collected were
determined at 1-month or 6-months after infection with non-
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Omicron SARS-CoV-2. From 1-month to 6-month post-
infection, the neutralization titers against USA-WA1/2020
decreased from 601 to 142 (a 4.2-fold reduction), while
the neutralization titers against Omicron-spike SARS-CoV-
2 remained low at 38 and 32, respectively. Thus, at 1-month
and 6-months after non-Omicron SARS-CoV-2 mfection,
the neutralization titers agamst Omicron were 15.8- and
4.4-1told lower than those against USA-WA1/2020, respec-
tively. The low cross-neutralization against Omicron from
previous non-Omicron mnfection supports vaccination of for-
merly infected mmdividuals to mitigate the health impact of
the ongomg Omicron surge.

[0039] The SARS-CoV-2 virus 1s a betacoronavirus, simi-
lar to MERS-CoV and SARS-CoV. All three of these viruses
have their origins 1n bats. The sequences of viruses 1solated
from U.S. patients are similar to the virus sequences mitially

posted by China.
[0040] One utility of the described reverse genetic system

described herein 1s to facilitate antiviral testing and thera-
peutic development. The reporter virus allows the use of
fluorescence as a surrogate readout for viral replication.
Compared with a standard plaque assay or TCIDsy quantifi-
cation, the fluorescent readout shortens the assay turnaround
time by several days. In addition, the fluorescent readout
offers a quantitative measure that 1s less labor-intensive
than the traditional means of viral titer reduction.

[0041] In certain embodiments, a kit can contamn nucleic
acids and/or expression vectors described herein, as well as
transfection and culture reagents. A standard operating pro-
cedure (SOP) can provide guidance for use of the kat. The kat
system can be used for a variety of research endeavors.

[. Coronaviruses

[0042] Coronaviruses (order Nidovirales, family Corona-
viridae) are a diverse group of enveloped, positive-stranded
RNA viruses. The coronavirus genome, approximately 27-
32 Kb 1n length, 1s the largest found m any of the RNA
viruses. Large Spike (S) glycoprotemns protrude from the
virus particle giving coronaviruses a distinctive corona-
like appearance when visualized by electron microscopy.
Coronaviruses mfect a wide variety of species, including
canine, feline, porcine, murine, bovine, avian and human
(Holmes, et al., 1996, Coronaviridae: the viruses and their
replication, p. 1075-1094, Fields Virology, Lippincott-
Raven, Philadelphia, Pa.). However, the natural host range
of each coronavirus strain 1s narrow, typically consisting of
a single species. Coronaviruses typically bind to target cells
through Spike-receptor mteractions and enter cells by recep-
tor mediated endocytosis or fusion with the plasma mem-
brane (Holmes, et al., 1996, supra).

[0043] Upon entry mto susceptible cells, the open reading
frame (ORF) nearest the 5' terminus of the coronavirus gen-
ome 1s translated into a large polyprotein. This polyprotein
1s autocatalytically cleaved by viral-encoded proteases, to
yield multiple proteins that together serve as a virus-speci-
fic, RNA-dependent RNA polymerase (RARP). The RARP
replicates the wviral genome and generates 3' coterminal
nested subgenomic RNAs. Subgenomic RNAs iclude
capped, polyadenylated RNAs that serve as mRNAs, and
antisense subgenomic RNAs complementary to mRNAs.
In one embodiment, each of the subgenomic RNA mole-
cules shares the same short leader sequence fused to the
body of each gene at conserved sequence elements known
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as mtergenic sequences (IGS), transcriptional regulating
sequences (TRS) or transcription activation sequences. It
has been controversial as to whether the nested subgenomic
RNAs are generated during positive or negative strand
synthesis; however, recent work favors the model of discon-

tinuous transcription during minus strand synthesis
(Sawick, et al., 1995, Adv. Exp. Med. Biol. 380:499-506;

Sawickl and Sawicki Adv. Expt. Biol. 1998, 440:215).
[0044] A SARS-CoV-2 reference sequence can be found
in GenBank accession NC 045512.2 as of March 2, 2020.
This sequence 1s a 29903 bp ss-RNA and 1s referred to as the
Wuhan seafood market pneumonia virus 1solate Wuhan-Hu-
1. The virus 1s Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) with the taxonomy of Viruses; Ribo-
viria; Nidovirales; Cornidovirineae; Coronaviridae; Ortho-
coronavirinae; Betacoronavirus; Sarbecovirus. (Wu et al.
“A novel coronavirus associated with a respiratory disease
in Wuhan of Hubei1 province, China” Unpublished; NCBI
Genome Project, Direct Submission, Submitted (17-JAN-
2020) National Center for Biotechnology Information,
NIH, Bethesda, MD 20894, USA:; Wu et al. Direct Submius-
ston, Submitted (05-JAN-2020) Shanghai Public Health
Clinical Center and School of Public Health, Fudan Univer-
sity, Shanghai, China).

[0045] The genome of SARS-CoV-2 referencing acces-
ston NC 045512.2 includes (1) a S'UTR (1-265), (2) Orflab
oene (266-21555), S gene encoding a spike proten
(21563..25384), ORF3a gene (25393.26220), E gene
encoding E  protein  (26245..26472), M  gene
(26523..277191), ORF6 gene (27202..27387), ORF7a gene
(27394..277759), ORF7b gene (27756..27887), ORF8 gene
(27894..28259), N gene (28274..29533), ORF10 gene
(29558..29674), and 3'UTR (29675..29903). In certain
aspects, OREF7 (7a and 7b) 1s substituted by a nucleic acid
encoding a reporter protein. Corresponding regions and seg-
ment of SEQ ID NO:1 can be determined by alignment with
the NC 045512.2 sequence or other similar coronaviruses.
[0046] In certain aspects a spike protein can be a spike
vanant selected from USA-WAI1/2020 spike, D614G-
spike, XD-spike, Alpha-spike, Belt-spike, Delta-spike,
BA.l-spike, BA.2-spike, BA.3-spike, BA.4/5-spike, BA.4/
6-spike, BA.2.12.1-spike, BA.2.75-spike, BA.2.75.2-spike,
BIF7-spike, XBB.1-spike, BQ.1-spike, BQ.1.1-spike, BJ.1-
spike, or BA.2.10.4-spike.

[0047] The reporter protein 1s a protemn that can be
detected, directly or indirectly, and includes colorimetric,
tluorescent or luminescent proteins, as well as proteins that
bind affinity reagents such as protein/ligand pairs and pro-
tein/antibody pairs. Examples of luminescent or marker pro-
teins that can be used mm embodiments of the mmvention
include, but are not limited to, Aequorin, firefly luciferase,
Renilla luciferase, red luciferase, luxAB, and nanolucifer-
ase. Examples of chemiluminescent protein or marker pro-
tein mclude PB-galactosidase, horseradish peroxidase (HRP),
and alkaline phosphatase. Examples of tluorescent protein
or marker protein include, but are not limited to, mNeon-
Green, TagBFP, Azurite, EBFP2, mKalamal, Sirius, Sap-
phire, T-Sapphire, ECFP, Cerulean, SCFP3A, mTurquoise,
monomeric Midorushi-Cyan, TagCFP, mTFP1, EGFP,
Emerald, Superfolder GFP, Monomeric Azami Green,
TagGFP2, mUKG, mWasabi, EYFP, Citrine, Venus,
SYFP2, TagYFP, Monomeric Kusabira-Orange, mKOK,
mKO2, mOrange, mOrange2, mRaspberry, mCherry,
dsRed, mStrawberry, mTangerine, tdTomato, TagRFP,
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TagRFP-T, mApple, mRuby, mPlum, HcRed-Tandem,
mKate2, mNeptune, NirFP, TagRFP657, IFP1.4, 1RFP,
mKeima Red, LSS-mKatel, LSS-mKate2, PA-GFP, PAm-
Cherryl, PATagRFP, Kacde (green), Kaede (red), KikGR1
(green), KikGR1 (red), PS-CFP2, PS-CFP2, mEos2 (green),
mEos2 (red), PSmOrange, or Dronpa.

II. EXAMPLES

[0048] The following examples as well as the figures are
included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill 1n the
art that the techniques disclosed 1n the examples or figures
represent techniques discovered by the inventors to function
well m the practice of the mvention, and thus can be con-
sidered to constitute preferred modes for 1ts practice. How-
cver, those of skill i the art should, 1n light of the present
disclosure, appreciate that many changes can be made 1n the
specific embodiments which are disclosed and still obtain a
like or similar result without departing from the spinit and
scope of the mvention.

Example 1
A. Results

[0049] To measure neutralization of the Omicron variant,
a high-throughput assay was developed. Using a previously
established mNeonGreen (mNG) reporter USA-WA1/2020
SARS-CoV-2, (Muruato et al., Nat Commun 11, 4039,
2020) the original spike gene was swapped with an Omicron
spike (BA.1 lineage; GISAID EPI ISL 6640916), resulting
in recombinant mNG Omicron-spike SARS-CoV-2 (FIG.
2). The mNG gene was placed at the open-reading-irame-7
(ORE7) of the viral genome (Xie et al. Cell Host Microbe
27, 841-848 843, 2020). The engineered Omicron spike
contaimned mutations A67V, H69-V70 deletion (D69-70),
1951, G142D, V143-Y 145 deletion (D143-145), N211 dele-
tion (D211), L2121, L214 msertion EPE (Ins214EPE),
G339D, S371L, S373P, S375F, K417N, N440K, G4468,
S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y,
Y505H, T547K, D614G, H655Y, N679K, P681H, N764K,
D796Y, N856K, Q954H, N969K, and L98I1F (FIG. 2). The
mNG Omicron-spike virus was sequenced to ensure no
undesired mutations. After infecting Vero E6 cells, parental
mNG USA-WA1/2020 developed larger fluorescent foci
than Omicron-spike SARS-CoV-2 (FIG. 3); however, com-
parable fectious titers of >10¢ focus-forming umts per
mulliliter (FFU/ml) were obtained for both viruses. The
mNG viruses were used to develop a fluorescent focus
reduction neutralization test (FFRNT) as depicted 1n FIG. 4.
[0050] The cross-neutralization of non-Omicron SARS-
CoV-2-infected patient sera against Omicron virus was
examined. Two panels of COVID-19 patient sera, one col-
lected at 1-month post-infection (n=64) and another col-
lected at 6-month post-infection (N=36), were measured
for their 50% tluorescent focus reduction neutralization
titers (FFRNT5, defined as the maximal dilution that neu-
tralized 50% of foc1) against both USA-WA1/2020 and
Omicron-spike SARS-CoV-2. Table 1 and Table 2 summar-
1z¢ the patient information (e.g., age, gender, race, date of
positive viral test, symptom, and hospitalization) for the 1-
month and 6-month post-infection serum panels. All
patients were mfected before February 2021, prior to the
emergence of the Omicron variant. The 1-month post-infec-
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tion sera neutralized USA-WA1/2020 and Omicron-spike
SARS-CoV-2 with geometric mean titers (GMTs) of 601
and 38, respectively (FIG. 1A and FIG. 5A). Only ong
serum had a neutralization titer of <20 against USA-WAT1/
2020, whereas 23 of 64 sera had neutralization ftiters of <20
against Omicron-spike SARS-CoV-2 (FIG. 1A). Sera with
high neutralization titers agamnst USA-WA1/2020 were from
symptomatic patients, most were hospitalized (Table 1),
confirming that neutralizing antibody levels are associated
with COVID-19 disease severity (Gudbjartsson et al., N
Engl J Med 383, 1724-34, 2020). Notably, many of the
sera with the highest neutralization titers of >3,450 against
USA-WA1/2020 were from patients who had received con-
valescent plasma treatment (Table 1).

[0051] The 6-month post-infection sera neutralized USA-
WA1/2020 and Omicron-spike SARS-CoV-2 with GMTs ot
142 and 32, respectively (FIG. 1B and FIG. 5B). Consistent
with the 1-month post-infection results, symptomatic hospi-
talized patients tended to have higher neutralization titers
against USA-WA1/2020 than asymptomatic mdividuals
(Table 2). Thus, from 1-month to 6-months post-infection,
the mean neutralization titers agaimnst USA-WA1/2020
waned from 601 to 142 (a 4.2-fold decrease), while the neu-
tralization titers against Omicron-spike virus remained low
and nearly unchanged at 38 and 32, respectively. Consistent
with these results, the waning neutralization overtime
against non-Omicron SARS-CoV-2 was previously reported
in naturally mtected or vaccmated individuals (Falsey et al.,
N Engl J Med, do1:10.1056/NEJMc2113468, 2021; Chia et
al., Lancet Microbe 2, ¢240-¢249, 2021; Widge et al.,, N
Engl J Med 384, 80-82, 2021). The data showed that 1-
month and 6-months after non-Omicron SARS-CoV-2
infections, the neutralization titers against Omicron were
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15.8- and 4.4-fold lower than those agamst USA-WAT/
2020, respectively. A similar range of neutralization reduc-
tion against the Omicron virus was reported for two-dose

mRNA-vaccinated sera (Sandile Cele et al., medRxiv,

do1:10.1101/2021.12.08.21267417, 2021; Wilhelm et al.,
MedRiv, do1: 10.1101/2021.12.07.21267432, 2021; Dejnir-
attisal et al., MedRx1v, do1:10.1101/2021.12.10.21267534,
2021). Collectively, these results demonstrate low cross-
neutralization against the Omicron variant from previous
non-Omicron viral mfection or two-dose mRINA vaccina-
tion. The low cross-neutralization against the Omicron var-
1ant strongly suggests that individuals previously mfected
with SARS-CoV-2 should be vaccinated to mitigate Omi-
cron-mediated mfection, disease, and potential death.
[0052] Among all tested sera, only 6 pairs of 1-month and
6-month samples were collected from same 1ndividuals
(Table 1 and Table 2). Their neutralization patterns (FIG.
6) were similar to those observed with the means from com-
plete 1-month and 6-month serum panels.

[0053] The rapid evolution of SARS-CoV-2 underscores
the mmportance of surveillance for new variants and their
impact on viral transmission, disease severity, and immune
evasion. Surveillance, laboratory investigation, and real-
world vaccme effectiveness are essential to guide 1f and
when an Omicron-specific vaccine or booster 15 needed.
Currently, vaccination with booster shots, together with
masking and social distance, remain to be the most effective
means to mitigate the health impact of Omicron surge.
Finally, the high-throughput fluorescent neutralization
assay reported 1n this study can expedite therapeutic anti-
body screening, neutralization testing, and modified vaccine
development.

TABLE 1
FFRNT 5, values of 1-month post-infection sera against mNG USA-WA1/2020 and Omicron-spike SARS-CoV-2
Sample collection date FERNT 50
Serum yielding positive viral Omicron-

ID Age Gender Race and Ethnicity test Symptomatic Hospitalized USA-WA1/2020 spike

1 21 F Hispanic or Latino 7/22/2020 No No 10 10
2 38 F White 11/27/2020 No No 22 10
3 17 M Hispanic or Latino 6/1/2020 Yes No 27 10
4 18 F Hispanic or Latino 7/11/2020 Yes No 45 15
5 26 F Hispanic or Latino 11/11/2020 Yes No 53 10
V6 24 F Hispanic or Latino 6/24/2020 No No 36 10
7 24 F Hispanic or Latino 7/277/2020 Yes No 62 10
8 35 F Hispanic or Latino 1/5/2021 No No 66 10
9 23 F Hispanic or Latino 6/25/2020 No No 84 14
10 24 F Hispanic or Latino 7/2/2020 Yes No 88 10
11 33 F Black or African American 11/21/2020 Yes No 90 10
12 26 F Hispanic or Latino 7/2/2020 Yes No 104 17
13 60 M White 9/26/2020 Yes Yes 112 10
14 67 M Caucasian/White 11/16/2020 Yes No 117 13
15 22 M Hispanic or Latino 9/24/2020 No No 138 18
16 69 M White 12/28/2020 Yes No 151 17
17 73 M White 5/27/2020 Yes No 166 13
x18 17 F Hispanic or Latino 6/22/2020 Yes No 180 14
19 45 M Hispanic or Latino 5/2/2020 Yes Yes 222 14
°20 24 F Hispanic or Latino 6/24/2020 Yes No 225 18
21 25 F Black or African American 7/16/2020 No No 369 27
22 75 F Hispanic or Latino 9/14/2020 Yes No 402 29
x23 §0 F White 11/9/2020 Yes Yes 459 10
24 61 F White 11/3/2020 Yes No 486 27
23 78 M White 12/15/2020 Yes No 524 85
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TABLE 1-continued

FFRNT 5, values of 1-month post-infection sera against mNG USA-WA1/2020 and Omicron-spike SARS-CoV-2

Sample collection date FFRNT 5o
Serum yielding positive viral Omicron-
[D Age Gender Race and Ethnicity test Symptomatic Hospitalized USA-WA1/2020 spike
26 66 M White 5/30/2020 Yes Yes 592 12
27 3 § M Hispanic or Latino 6/27/2020 No No 640 24
28 34 M Hispanic or Latino 11/11/2020 Yes No 645 22
29 25 F Hispanic or Latino 7/17/2020 No No 730 21
30 66 M Black or African American 4/277/2020 Yes Yes 840 42
31 39 M Black or African American 4/9/2020 Yes Yes 856 27
32 35 F Hispanic or Latino 10/15/2020 Yes Yes 882 77
33 55 M Hispanic or Latino 5/6/2020 Yes Yes 1003 89
*34 67 F Hispanic or Latino 1/4/2021 Yes Yes 1020 41
35 55 F White 9/28/2020 Yes No 1050 32
36 40 F Hispanic or Latino 12/20/2020 Yes No 1174 55
37 60 F Hispanic or Latino 11/27/2020 Yes Yes 1268 48
38 65 M Hispanic or Latino 5/7/2020 Yes Yes 1306 64
*39 69 M White 11/22/2020 Yes Yes 1365 79
40 68 M Caucasian/White 5/10/2020 Yes Yes 1454 73
41 50 M Black or African American 4/8/2020 Yes Yes 1465 60
42 63 M Hispanic or Latino 1/23/2021 Yes Yes 1517 94
43 39 M Black or African American 3/31/2020 Yes Yes 1519 110
44 72 M White 12/23/2020 Yes Yes 1555 73
45 55 F White 10/6/2020 Yes Yes 1584 107
46 57 M White 7/5/2020 Yes No 1618 18
47 | F Hispanic or Latino 1/18/2021 Yes Yes 1638 227
48 87 M White 1/5/2021 Yes Yes 1679 71
49 96 F White 12/30/2020 Yes Yes 1807 §8
50 66 M Hispanic or Latino 12/19/2020 Yes No 1814 159
51 75 M Hispanic or Latino 10/2°7/2020 Yes No 2119 56
52 63 F Hispanic or Latino 12/12/2020 Yes Yes 2289 42
£53 66 M White 12/277/2020 Yes Yes 2516 947
054 49 M Black or African American 1/3/2021 No Yes 2337 102
55 56 M Hispanic or Latino 7/13/2020 Yes Yes 3277 263
56 44 F Black or African American 8/20/20/ Yes Yes 3443 133
*57 83 M Hispanic or Latino 11/22/2020 Yes Yes 3464 188
*58 75 M White 12/277/2020 Yes Yes 3741 172
*59 74 M White 12/21/2020 Yes Yes 40535 42
60 48 F Hispanic or Latino 6/21/2020 Yes Yes 4116 121
61 78 F Hispanic or Latino 12/16/2020 Yes Yes 4216 146
ox(62 70 M Hispanic or Latino 12/12/2020 Yes Yes 4974 156
*63 49 M White 12/29/2020 Yes Yes 5876 47
64 50 F Hispanic or Latino 11/9/2020 Yes Yes 8088 48
GMT 44 - - - - - 601 38
95%CI  37-52 - - - - - 405-891 29-50
*Patients received convalescent plasma treatment.
Vx¢ape Patients who gave both 1- and 6-month post-infection sera.
TABLE 2
FFRNT 5o values of 6-month post-infection sera against mNG USA-WA1/2020 and Omicron-spike SARS-CoV-2
Sample FFRNT .,
collection date
Gen- yielding positive USA-WAT/ Omicron-
Serum ID Age  der Race and Ethnicity viral test Symptomatic Hospitalized 2020 spike

V¥l 17 F Hispanic or Latino 6/22/2020 Yes No 10 10

X2 24 F Hispanic or Latino 6/24/2020 No No 10 10

03 24 F Hispanic or Latino 6/24/2020 Yes No 10 10

4 70 M White 7/26/2020 No No 10 10

5 29 F Black or African American §/3/2020 No No 18 14

6 21 F Hispanic or Latino 6/26/2020 No No 33 14

ox'/ 70 M Hispanic or Latino 12/12/2020 Yes Yes 68 21

8 27 F Hispanic or Latino §/9/2020 No No 69 17

9 22 F Hispanic or Latino 10/1/2020 No No 77 30

10 61 F White 8/24/2020 No No 82 29

11 40 F Hispanic or Latino 7/31/2020 Yes No 85 21

12 22 F Hispanic or Latino 7/13/2020 No No 86 22

13 50 F White 11/25/2020 Yes Yes 86 17
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FFRNT 5, values of 6-month post-infection sera against mNG USA-WA1/2020 and Omicron-spike SARS-CoV-2

Sample

collection date

Gen- yielding positive
Serum 1D Age  der Race and Ethnicity viral test
14 26 F Hispanic or Latino 9/10/2020
15 21 F Hispanic or Latino 6/2/2020
16 26 F Hispanic or Latino 9/10/2020
17 73 F White 10/14/2020
18 22 M Hispanic or Latino 9/24/2020
19 47 M Black or African American 4/23/2020
20 79 M White 5/4/2020
%) ] 77 F Black or African American 12/7/2020
22 57 M White 5/13/2020
23 23 F Hispanic or Latino 12/25/2020
24 40 F Hispanic or Latino 3/16/2020
25 22 F Hispanic or Latino 8/11/2020
26 54 M White 4/10/2020
27 64 M White 1/3/2021
28 39 F Black or African American 7/9/2020
29 69 M White 5/14/2020
030 49 M Black or African American 1/3/2021
31 96 F White 12/30/2020
32 80 F Hispanic or Latino 6/20/2020
33 49 F Hispanic or Latino 3/26/2020
34 48 F Hispanic or Latino 6/21/2020
A35 66 M White 12/27/2020
36 70 M Hispanic or Latino 11/19/2020
GMT 41 -
95% (I 35-49

FFRNT 54
USA-WA1/ Omicron-

Symptomatic Hospitalized 2020 spike
No No 103 22
Yes No 105 10
No No 106 23
Yes Yes 125 10
Yes Yes 134 27
No No 140 14
Yes Yes 163 44
Yes No 167 20
Yes Yes 175 17
Yes No 230 67
Yes No 244 51
Yes No 292 69
Yes Yes 302 39
Yes Yes 333 69
Yes No 337 45
Yes No 389 45
Yes Yes 532 35
Yes Yes 635 36
Yes No 675 83
Yes No 719 125
Yes Yes 1059 137
Yes Yes 1363 162
Yes Yes 3648 554

142 32

88-229 23-44

*Patients received convalescent plasma treatment.
**Patient received therapeutic antibody treatment.
Vx¢ape Patients who gave both 1- and 6-month post-infection sera.

B. Methods

[0054] Construction of recombinant viruses. The recombi-
nant mNeoGreen (mNG) Omicron-spike SARS-CoV-2 was
constructed on the genetic background of an infectious
cDNA clone denived from climical stramm WAL (2019-
nCoV/USA WA1/2020) contamning an mNG reporter gene
(X1 et al., Cell Host Microbe 27, 841-848 €843, 2020). The
Omicron spike mutations, including A67V, A69-70, T93I,
G142D, Al143-145, A211, L2121, Ins214EPE, G339D,
S371L, S373P, S375F, K417N, N440K, G446S, S477N,
T478K, E484A, Q493R, G496S, Q498R, N501Y, YS05H,
T547K, D614G, H655Y, N679K, P681H, N764K, D796Y,
N856K, Q954H, N969K, and L.981F, were engimeered using
a PCR-based mutagenesis protocol as reported previously
(Plante et al., Nature, do1:10.1038/s41586-020-2895-3,
2020). The tull-length genomic cDNAs were 1 vitro ligated
and used as templates to transcribe full-length viral RNA.
Mutant viruses were recovered on day 3 after Vero E6
cells were electroporated with the m vitro RNA transcripts.
The harvested virus stocks were quantified for their infec-
tious titers (fluorescent focus units) by titrating the viruse-
son Vero E6 cells 1 a 96-well plate after 16 h of infection.
The genome sequences of the virus stocks were confirmed to
have no undesired mutations by Sanger sequencing. The
detailled protocol of genome sequencing was recently
reported (Xie et al., Nature Protocols 16, 1761-1784,
do1:10.1038/s41596-021-00491-8, 2021).

[0055] Serum specimens. The research protocol regarding
the use of human serum specimens was reviewed and
approved by the Umversity of Texas Medical Branch

(UTMB) Institutional Review Board (IRB#: 20-0070). The
de-1dentified convalescent sera from COVID-19 patients
(confirmed by the molecular tests with FDA's Emergency
Use Authorization) were heat-mactivated at 56°C for 30
min before testing.

[0056] Fluorescent focus reduction neutralization test.
Neutralization titers of human sera were measured by a
fluorescent focus reduction neutralization test (FFRNT)
using the mNG reporter SARS-CoV-2. Briefly, Vero E6
cells (2.5 x 104) were seeded 1n each well of black
UCLEAR flat-bottom 96-well plate (Gremer Bio-one™),
The cells were mcubated overnight at 37°C with 5% CO..
On the following day, each serum was 2-fold serally diluted
in the culture medium with the first dilution of 1:20. The
diluted serum was incubated with 100-150 fluorescent
focus units (FFU) of mNG SARS-CoV-2 at 37°C for 1 h
(final dilution range of 1:20 to 1:20,480), after which the
serum-virus mixtures were moculated onto the pre-seeded
Vero E6 cell monolayer in 96-well plates. After 1 h mfec-
tion, the moculum was removed and 100 ul of overlay med-
ium (DMEM supplemented with 0.8% methylcellulose, 2%
FBS, and 1% P/S) was added to each well. After incubating
the plates at 37°C for 16 h, raw 1mages of mNG fluorescent
foc1 were acquired using Cytation™ 7 (BioTek) armed with
2.5% objective and processed using the default software set-
ting. The foc1 1n each well were counted and normalized to
the non-serum-treated controls to calculate the relative
mfectivities. The curves of the relative mfectivity versus
the serum dilutions (log;o values) were plotted using Prism

9 (GraphPad). A nonlinear regression method was used to
determine the dilution fold that neutralized 50% of mNG
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SARS-CoV-2 (defined as FFRNT 5). Each serum was tested
in duplicates.

[0057] Statistics - The nonparametric Wilcoxon matched-
pairs signed rank test was used to analyze the statistical sig-
nificance 1 FIG. 1.

Example 2

A. Results and Discussions

[0058] Experimental approach and rationale. A set of pre-
viously established recombinant SARS-CoV-2s were used
to determine the serum neutralization against different Oma-
cron sublineages. Each recombinant SARS-CoV-2 con-
tained a complete spike gene from BA.1, BA.2, BA.2.12.1,
BA.3, or BA.4/5 1n the backbone of USA-WA1/2020 (a
virus strain 1solated 1n January 2020) contaiming an mNeon-
Green (mNG) reporter, resulting m BA.l-, BA.2-,
BA.2.12.1-, BA3-, or BA.4/5-spike mNG SARS-CoV-2
(Kurhade et al., 2022b). BA.4 and BA.5 have an 1dentical
spike sequence and are denoted as BA.4/5. FIG. 7TA sum-
marizes the amino acid mutations of the spike protein from
different Omicron sublineages. An mNeonGreen (mNG)
gene was engmeered 1mto the open-reading-frame-7
(ORF7) of the viral genome to enable a fluorescent focus
reduction neutralization test (FFRNT) 1 a high-throughput
format (Zou et al., 2022a). The msertion of mNG reporter
anntenuated SARS-CoV-2 replication and pathohgenesis
(Johnson et al., 2022; Liu et al., 2022).The FFRNT has
been rehiably used to measure antibody neutralization for

COVID-19 vaccime research and development (Kurhade et

al., 2022a; Kurhade et al., 2022b).

[0059] Using FFRNT, the neutralization of three panels of
human sera were measured against the chimeric Omicron
sublineage-spike mNG SARS-CoV-2s. The first panel con-
sisted of 25 pairs of sera collected from individuals before
and after dose 4 of Pfizer or Moderna's original vaccine
(Table 3). Those specimens were tested negative against
viral nucleocapsid protein, suggesting those individuals
had not been mfected by SARS-CoV-2. The second and
third serum panels were collected from individuals who
had received 2 (n=29; Table 4) or 3 (n=38; Table 5) doses
of the original mRNA vaccine and subsequently contracted
Omicron BA.l breakthrough infection. The BA.l break-
through mfection was confirmed for each patient by sequen-
cing viral RNA collected from nasopharyngeal swab sam-
ples. Tables 3-5 summarize (1) the serum information and
(1) the 50% fluorescent focus-reduction neutralization titers
(FFRNTs3) agamst USA-WAL1/2020, BA.l1-, BA.2-,
BA.2.12.1-, BA.3-, and BA.4/5-spike SARS-CoV-2s. The
description and analysis of the FFRNT 5 results agamst dif-
ferent Omicron sublineages are detailled i the following

sections for each serum panel.
[0060] The booster effect by dose 4 mRNA vaccine 1s less

pronounced agamnst BA.4/5 compared to USA-WA1/2020

and other omicron sublineages. To measure 4 doses of vac-
cme-elicited neutralization, 25 pairs of sera were collected
from mdividuals before and after dose 4 of Plizer or Mod-
erna mRNA vaccie. For each serum pair, one sample was
collected 3-8 months after dose 3 vaccine; the other sample
was obtamed from the same individual 1-3 months after

dose 4 vaccine (Table 3). Before the 47 dose vaccine, the
3-dose-vaccine sera neutralized USA-WA1/2020, BA.1-,
BA.2-, BA.2.12.1-, BA.3-, and BA.4/5-spike mNG viruses
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with low geometric mean titers (GMTs) of 144, 32, 24, 25,
20, and 17, respectively (FIG. 7B); after the 4% dose vac-
cine, the GMTs increased significantly to 1554, 357, 236,
236, 165, and 95, respectively (FIG. 7C); so, the 47 dose
vaccine significantly increased the neutralization against
the corresponding viruses by 10.8-, 11.2-, 9.8-, 9.4-, 8.3-,
and 5.6-fold, respectively (FIG. 7D). Despite the significant
increase in neutralization after the 47 dose vaccine, the
GMTs agamst BA.1-, BA2-, BA2.12.1-, BA.3-, and BA.4/
5-spike viruses were 4.4- 6.6-, 6.6-, 9.4-, and 16.4-fold
lower than the GMT against the USA-WA1/2020, respec-
tively (FIG. 7C). These results support three conclusions.
First, among the tested Omicron sublineages, BA.S pos-
sesses the greatest evasion of vaccine-elicited neutraliza-
tion. The results are 1n agreement with other studies support-
ing that BA.5 and other Omicron sublincages efficiently

evade vaccime-elicited neutralization (Arora et al., 2022;

Cao et al., 2022; Hachmann et al., 2022; Sheward et al..
2022; Tan et al., 2022). Second, the booster effect by the
4 dose 1s less pronounced against BA.4/5 compared to
USA-WA1/2020 and other omicron sublineages. It should
be noted that dose 4 did increase the neutralizing GMT
agaimnst BA.4/5 from 17 (FIG. 7B) to 95 (FIG. 7C). A recent
study reported a neutralizing titer of 70 as the threshold to
prevent breakthrough mifections of Delta varant (Zou et al.,
2022b). Although the minimal neutralizing titer required to
prevent BA.S mifection has not been determined, the low
neutralization agamst BA.S after dose 3 vaccine [GMT of
103 at 1-month post dose 3, reported by Kurhade et al. (Kur-
hade et al., 2022b)] and dose 4 vaccine (GMT ot 95 at 1- to
3-month post dose 4, reported here), together with the
increased viral transmissibility, could account for the
ongoing surge of BA.5 around the world. Third, an updated
vaccine that matches the highly immune-evasive and preva-
lent BA.S spike 1s needed to mitigate the current and future
Omicron surges. The results support the U.S. Food and Drug
Administration's recommendation to include BA.S spike for
future COVID-19 vaccine booster doses.

[0061] High neutralization against BA.5 and other Omi-
cron sublineages after 2 or 3 doses of vaccine plus BA.1
infection. To compare with 4-dose-vaccine sera, we mea-
sured the neutralization against Omicron sublineages using
sera collected from individuals who had received 2 or 3
doses of the original mRINA vaccine and subsequently con-
tracted BA.1 infection (FIG. 8). Tables 4 and 5 summarize
the FFRNT5, results for 2-dose-vaccme-plus-BA. I-mfec-
tion sera and 3-dose-vaccine-plus-BA.l-infection sera,
respectively. The 2-dose-vaccine-plus-BA.1-mfection sera
neutralized BA.1, BA.2, BA.2.12.1, BA.3, and BA.4/5
with GMTs of 2114, 1703, 730, 961, 813, and 274, respec-
tively (FIG. 8A); the 3-dose-vaccine-plus-BA.1-mnfection
sera showed slightly higher GMTs of 2962, 2038, 983,
1190, 1019, and 297, respectively (FIG. 8B). So, the GMT
ratios between the 3-dose-vaccine-plus-BA. 1-mfection sera
and 2-dose-vaccine-plus-BA.1-infection sera were 1.4, 1.2,
1.3, 1.2, 1.3, and 1.1 when neutralizing USA-WA1/2020,
BA.1-, BA.2-, BA2.12.1-, BA.3-, and BA.4/5-spike
viruses, respectively; these GMT ditferences between the
two serum groups were statistically msignificant, suggesting
the extra dose of vaccine does not significantly boost neu-
tralization for the 3-dose-vaccie-plus-BA. I-mfection sera.
[0062] In contrast, the GMT ratios between the 2-dose-
vaccine-plus-BA. I -infection and 4-dose-vaccine sera were
1.4, 4.8, 3.1, 4.1, 4.9, and 3.9 when neutralizing USA-
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WA1/2020, BA.1-, BA.2-, BA.2.12.1-, BA.3-, and BA.4/5-
spike viruses, respectively. The result suggests that, com-
pared with the two extra doses of vaccine 1 the 4-dose-vac-
cine sera, the BA.1 mfection i the 2-dose-vaccine-plus-
BA.l-mnfection sera 1s more efficient in boosting both the
magnitude and breadth of neutralization against all Omicron
sublineages; however, the neutralization agamst BA.5 was
st1ill the lowest among all tested sublineages.

[0063] For the 2-dose-vaccme-plus-BA.1-mfection sera,
the GMTs agamst BA.1-, BA.2-, BA.2.12.1-, BA.3-, and
BA.4/5-spike viruses were 1.2-, 2.9-) 2.2-. 2.6-, and 7.7-
told lower than the GMT against the USA-WA1/2020,
respectively (FIG. 8A); similar results were observed for
the 3-dose-vaccine-plus-BA.1-mmfection sera, with GMTs
against BA.1-, BA.2-, BA.2.12.1-, BA3-, and BA.4/5-
spike viruses that were 1.5-, 3.0-, 2.5-, 2.9-, and 10-fold
lower than the GMT against the USA-WA1/2020, respec-
tively (FIG. 8B). The GMT decreases agaimnst Omicron sub-
limeages for the 2-dose-vaccme-plus-BA.1-infection sera
and those for the 3-dose-vaccine-plus-BA.1-infection sera
are significantly less than those observed for the 4-dose-vac-
cme sera (Compare FIGS. 8A and 8B with FIG. 7C). The
results again indicate that BA.1 infection of vaccinated peo-
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ple etficiently boosts the breadth of neutralization against all
tested Omicron sublineages. However, such BA.1 infection-
mediated boost of neutralizing magmtude/breadth 1s depen-
dent on previous vaccination. This 1s because BA.1 nfec-
tion of unvaccinated people did not elicit greater neutraliz-
ing magnitude/breadth against Omicron sublineages than 3

doses of mRNA vaccine (Kurhade et al., 2022b).
[0064] Neutralization agamst Omicron sublincage

BA.2.75. To assess the neutralization of the newly emerged
Omicron sublineage BA.2.75, the complete spike gene of
BA.2.75 (FIG. 7TA) was engineered mto the backbone of
mNG USA-WA1/2020, resulting in BA.2.75-spike mNG
SARS-CoV-2. The BA.2.75-spike mNG SARS-CoV-2 was
sequenced to ensure no undesired mutations. When tested
with 4-dose-vaccine sera, the neutralizing GMT against
BA.2.75-spike virus was 2.8-fold higher than that aganst
BA.5-spike virus (FIG. 7C). Similarly, when tested with 3-
dose-vaccine-plus-BA.1-mfection sera, the neutralizing
GMT agamst BA.2.75-spike virus was 3.4-fold higher than
that against BA.5-spike virus (FIG. 8B). Collectively, the
results 1indicate that BA.2.75 1s less immune-evasive than
BA.S.

TABLE 3
Twenty-five pairs of human serum samples collected after dose 3 and 4 of mRINA vaccine, Related to FIG. 7
Serum Serum *FFERIN'T 5
collection collection  Interval
time (days time (days days
post-dose  post-dose  between mRNA B-
3 4 dose 3 & 4 Vac- USA- A2.1- BA .4/ B-
Serum Age Gender Ethni- vaccina- vaccina- vaccina-  cine WAL/ BA.l- BA2- 2. 1- BAZ3- 5- A2775-
1D Pair # (year) (F/M) city tion) t1on) tfion type 2020  spike  spike  spike  spike  spike spike
1 1 62 F White 174 174 Plizer 17 10 10 10 10 10 -
2 37 320 40 28 20 20 10 40
3 2 84 M White 186 217 Plizer 17 10 10 10 10 10 -
4 26 640 160 80 80 80 20 80
5 3 80 M Hispa- 184 196 Plizer 34 10 10 10 10 10 -
6 nic 30 10240 453 640 903 320 320 640
7 4 78 M White 184 209 Plizer 57 10 10 10 10 10 -
8 56 453 28 20 20 14 10 14
9 5 87 M White 243 247 Plizer 57 10 10 10 10 10 -
10 24 1810 1280 453 640 453 113 640
11 6 66 F White 184 241 Pfizer 67 20 10 10 10 10 -
12 48 4353 160 80 40 40 20 28
13 7 83 F White 148 222 Plizer 67 10 10 10 10 10 -
14 23 1522 320 320 320 160 160 320
15 8 84 F White 174 209 Plizer 80 10 20 14 10 10 -
16 55 1076 160 226 160 113 80 160
17 9 86 M White 189 215 Plizer 95 40 28 40 20 10 -
18 51 1522 640 320 320 320 20 640
19 10 87 F Hispa- 195 259 Plizer 135 40 20 40 20 20 -
20 nic 43 1076 320 320 226 160 160 113
21 11 67 F Black 186 233 Pfizer 135 20 10 10 10 10 -
22 50 1522 160 160 226 80 S0 160
23 12 86 M White 156 217 Plizer 135 40 40 80 20 40 -
24 49 1810 640 320 320 160 320 320
25 13 80 M Black 184 240 Plizer 160 10 10 10 10 10 -
26 44 1280 640 320 453 320 160 320
27 14 72 F White 191 230 Plizer 190 20 14 10 10 10 -
28 52 1522 1280 320 453 320 40 453
29 15 75 F White 143 209 Plizer 190 40 28 28 20 14 -
30 78 2560 903 905 1280 640 453 640
31 16 73 M White 163 192 Mod- 226 40 20 §0 40 40 -
32 04 ¢ina 640 &0 57 40 57 40 40
33 17 75 M Black 198 207 Plizer 226 0 40 40 40 40
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Twenty-five pairs of human serum samples collected after dose 3 and 4 of mRNA vaccine, Related to FIG. 7

Serum Serum *FFRIN'T 54
collection collection  Interval
time (days time (days days
post-dose  post-dose  between mRNA B-
3 4 dose 3 & 4 Vac- USA- A21- BA 4/ B-
Serum Age Gender Ethni- vaccina- vaccina- vacclna-  cine WA1l/, BA.1l- BA2- 2. 1- BA.J3- 5- A275-
ID Pair # (year} (F/M) city tion) tfion) fion type 2020  spike  spike  spike  spike  spike spike
34 47 2153 453 113 57 80 57 640
35 18 80 M White 146 205 Pfizer 226 80 80 20 20 14 -
36 52 3620 1280 1280 1280 640 640 640
37 19 78 M White 196 214 Pfizer 320 80 40 40 40 20 -
38 73 761 226 80 80 80 40 320
39 20 92 F White 163 228 Pfizer 320 113 80 80 40 20 -
40 27 2153 160 160 160 80 113 640
41 21 59 F Hispa- 203 254 Pfizer 381 40 20 20 20 10 -
42 nic 27 (ldgiﬂ 1810 640 640 1280 320 160 453
Mod-
erna
(dose
4)
43 22 90 M Black 231 231 Pfizer 453 80 40 40 57 20 -
44 34 2560 453 320 320 320 160 320
45 23 04 F White 110 228 Pfizer 453 40 40 40 20 40 -
46 47 1280 320 160 160 80 80 320
47 24 71 F White 143 243 Mod- 640 226 160 160 160 S0 -
48 27 cina 2153 905 640 640 640 320 640
(dose
1-3)
Pfizer
(dose
4)
49 25 84 F White 235 257 Pfizer 905 160 160 160 80 80 -
50 35 20480 3620 2560 2560 2560 1280 3620
#GMT - - - - - - - - 144 32 24 25 20 17 -
PD3
T95% 03220 22-48 17-34 17-37 14-27 13-23 -
Cl PD3
GMT - - - - - - - - 1554 357 236 236 165 95 263
PD4
95% Cl 1069-  224- 147- 136- 101- 56-160  157-
PD4 2261 569 379 409 268 441

*Individual FFRNT 5, value 1s the geometric mean of duplicate plaque assay results.
"FFRNT;, of <20 was treated as 10 for plot purposes and statistical analysis.

#(Geometric mean neutralizing titers (GMT).
T95% confldence interval (953% CI) for the GMT.

TABLE 4
Twenty-nine human serum samples collected after 2 doses of mRNA vaccine and a subsequent Omicron BA.1 breakthrough infection, Related to FIG.
8
COVID test Serum collection *FERNT 50
Age Gen- positive days time (Post USA- B-

Sample (vea- der Vaccine post last COVID test WAL/ BA.1- BA2- A212- BA3- BA4/5-
1D r) (M/F) Ethnicity  type vaccine positive days) 2020 spike spike 1-spike spike spike
1 37 F White Modema 285 59 320 160 30 160 57 20
2 32 M Hispamic  Phzer 187 73 320 320 80 160 160 80
3 20 M Hispanic  Moderna 401 48 640 640 320 320 320 160
4 9 F Hispanic  Phzer 341 50 640 640 226 320 320 113
5 §7 M White Modema 350 51 640 640 160 226 160 40
6 36 F White Pfizer 191 71 640 320 160 160 160 80
7 31 F Black Phizer 124 58 905 640 320 320 320 320
8 51 F White Modema 165 15 1280 1280 640 905 640 226
9 57T M Asian Pfizer 392 30 1280 1280 320 905 640 160
10 78 M Black Modema 152 34 1280 1810 903 1280 1280 320
11 64 F Black Pfizer 232 35 1280 1280 640 905 640 320
12 30 M Asian Pfizer 214 64 1280 9035 320 453 320 160
13 74 F White Pfizer 389 34 1810 1280 320 453 320 160
14 21 F Hispanic  Moderna 254 49 1810 2560 1280 1280 1280 226
15 31 F White Pfizer 317 105 1810 1280 640 640 640 320
16 62 M White Phizer 316 29 2560 1810 640 640 1280 320
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TABLE 4-continued

Twenty-nine human serum samples collected after 2 doses of mRNA vaccine and a subsequent Omicron BA.1 breakthrough infection, Related to FIG.

8
COVID test Serum collection *FIRNT 50
Age Gen- positive days time (Post USA- B-

Sample (yea- der Vaccine post last COVID test WAL/ BA.l- BA2- A212- BA3- BAA4/5-
ID r} (M/F) Ethnicity  type vaccine positive days) 2020 spike spike 1-spike spike spike
17 38 F Asian Pfizer 98 33 2560 2560 1280 1280 1280 320
18 30 F Hispanic  Phzer 126 43 2560 2560 1280 1280 1280 453
19 33 F Asian Modema 326 48 2560 2560 1280 1810 1280 320
20 28 M Hispanic  Phzer 159 60 3620 640 640 640 320 160
21 4 M White Pizer 313 118 3620 1280 640 640 640 160
22 66 M White Phizer 156 16 5120 3620 1280 2560 1280 640
23 59 M White Pfizer 239 18 5120 7241 2560 5120 5120 2560
24 18 F Hispanic  Phzer 309 18 5120 5120 1280 2560 1810 640
23 35 M White Modema 303 63 5120 5120 2560 1280 2560 320
26 63 F Hispanic  Phzer 279 36 7241 5120 2560 2560 2560 1280
27 51 M Asian Pfizer 391 28 10240 10240 5120 10240 5120 1810
28 71 F White Pfizer 346 39 14482 7241 3620 5120 5120 640
29 46 F Hispanic  Phzer 266 29 20480 20480 10240 14482 10240 1280

HAGMT - - - - - - 2114 1705 730 961 §13 274

T95% - - - - - - 1411- 1112- 465- 612- 511- 182-412
Cl 3167 2614 1145 1509 1294

*Individual FFRNT s, value 1s the geometric mean of duplicate plaque assay results.
#(Geometric mean neutralizing titers (GMT).
T95% confidence interval (95% CI) for the GMT.

TABLE 5
Thirty-eight human serum samples collected after 3 doses of mRNA vaccine and a subsequent Omicron BA.1 breakthrough infection, Related to FIG.
8
Serum FFRNT ;g
collection
COVID test  time (Post B-
Age positive days COVID test  USA- A2.12- BA 4/ B-
Sample (vea- Gender Ethnici- Vaccine post last positive WAL/ BA.1- BA 2- 1- BA . 3- S5- A.2.75-
) r) (M/F) ty type vaccine days) 2020 spike spike spike spike  spike spike
1 36 M Hispanic Pfizer 142 91 453 226 160 160 160 40 160
2 36 M Hispanic Pfizer 142 61 640 453 160 320 320 40 160
3 64 M White Plizer 40 75 640 160 160 160 113 80 80
4 62 F White Plizer 130 81 640 453 320 320 320 160 160
5 27 M White Moderna 111 134 640 320 160 320 226 80 160
6 34 F Black Plizer 85 40 1280 1280 640 640 640 320 640
7 60 F Hispanic Pfizer 39 76 1280 640 320 320 320 80 453
8 29 F White Plizer 15 91 1280 453 320 320 320 80 320
9 53 M Asian Plizer 30 113 1280 1280 640 1280 640 453 640
10 39 F Asian Plizer 110 23 2560 2560 1280 1280 1280 320 1280
11 72 M White Plizer 28 32 2560 2560 1280 1810 1280 226 2560
12 43 F Asian Pfizer 89 58 2560 2560 2560 1810 1280 905 2560
13 45 F Hispanic Plizer 141 46 2560 5120 1810 2560 2560 640 1810
14 51 F Black Plizer 44 35 2560 2560 9035 640 1280 320 1280
15 56 F Black Plizer 98 93 2560 2560 640 1280 1280 226 1280
16 67 F White Plizer 71 63 2560 1280 640 640 640 160 640
17 64 M White Pfizer 114 33 2560 2560 1280 1280 1280 320 905
18 28 F White Plizer 158 61 2560 2560 1280 1280 1280 320 1810
19 64 M Asian Plizer 117 73 2560 2560 1280 1280 1280 160 2560
20 63 F White Plizer 174 22 2560 2560 1280 2560 905 1280 1280
21 41 F Hispanic Moderna 84 64 2560 1280 320 453 453 160 640
(dose 1-2)
& Phizer
(dose 3)
22 64 F Asian Plizer 118 105 3620 2560 1280 1280 1280 320 2560
23 54 M White Plizer 93 34 5120 2560 2560 2560 1810 640 2560
24 26 F White Moderna 63 51 5120 5120 1810 2560 2560 1280 2560
25 44 F Hispanic Pfizer 43 15 5120 2560 1280 1280 1280 640 1810
26 77 M Hispanic Pfizer 130 64 5120 5120 2560 2560 2560 1280 2560
27 69 M White Plizer 124 79 5120 2560 1280 1810 1280 320 1280
28 73 F White Moderna 164 36 5120 3620 2560 1810 1280 226 640
29 84 F Hispanic Pfizer 99 46 5120 5120 1280 2560 1280 226 2560
30 61 F White Plizer 169 40 5120 2560 640 1280 905 226 1280
31 383 M Hispanic Moderna 77 73 5120 1810 640 305 1280 320 1280
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TABLE 5-continued

Thirty-eight human serum samples collected after 3 doses of mRNA vaccine and a subsequent Omicron BA .1 breakthrough infection, Related to FIG.

8
Serum FFRNT 54
collection
COVID test  time (Post B-
Age positive days COVID test  USA- A2 12- BA 4/ B-
Sample (yea- Gender Ethnici- Vaccine post last positive WAL/ BA.1- BA 2- 1- BA 3- 5- A2.75-
ID r) (M/F) ty type vaccine days) 2020 spike spike spike spike  spike spike
32 75 M White Pfizer 131 108 5120 2560 1280 1280 1280 320 1280
33 79 F White Plizer 144 17 5120 2560 640 1280 903 640 1280
34 3 8 M White Pfizer 109 49 10240 5120 5120 5120 2560 1280 2560
35 71 M White Plizer 129 54 10240 7241 2560 2560 2560 80 5120
36 39 F Hispanic Pfizer 118 126 10240 5120 2560 3620 2560 640 2560
37 68 M White Plizer 125 71 10240 5120 2560 2560 2560 640 80
38 66 M White Plizer 96 4] 20480 20480 10240 14482 10240 1810 10240
#GMT - 2962 2038 083 1190 1019 297 1019
T95% 2212- 1462- 712- 869- 759- 216- 702-
Cl 3967 2841 1357 1630 1367 410 1480

*Individual FFRNT 5, value 1s the geometric mean of duplicate plaque assay results.

#Geometric mean neutralizing titers (GMT).
T95% confidence interval (95% Cl) for the GMT.

B. Methods

[0065] Ethical statement. The work was performed m a
biosatety level 3 (BSL-3) laboratory with redundant fans
1n the biosafety cabinets at The University of Texas Medical
Branch at Galveston. All personnel wore powered air-puri-
tying respirators (Breathe Easy, 3M) with Tyvek suits,
aprons, booties, and double gloves.

[0066] The research protocol regarding the use of human
serum specimens was reviewed and approved by the Uni-
versity of Texas Medical Branch (UTMB) Institutional
Review Board (IRB number 20-0070). No mformed consent
was required smce these deidentified sera were leftover spe-
cimens before beng discarded. No diagnosis or treatment

was mvolved.
[0067] Cells. Vero E6 (ATCC® CRL-1586) was pur-

chased from the American Type Culture Collection
(ATCC, Bethesda, MD), and maintained 1 a high-glucose
Dulbecco's modified Eagle's medium (DMEM) containing
10% 1fetal bovine serum (FBS; HyClone Laboratories,
South Logan, UT) and 1% pemicillin/streptomycin at 37°C
with 5% CO,. Culture media and antibiotics were purchased
trom ThermoFisher Scientific (Waltham, MA). The cell line
was tested negative for mycoplasma.

[0068] Human Serum. Three panels of human sera were
used 1n the study. The first panel consisted of 25 pairs of
sera collected from mdividuals 3-8 months after vaccme
dose 3, and no more than 3 months after dose 4 of Plizer
or Moderna vaccine. This panel had been tested negative
tor SARS-CoV-2 nucleocapsid protein expression using
Bio-Plex Pro Human IgG SARS-CoV-2 N/RBD/S1/S2 4-
Plex Panel (Bio-rad). The second serum panel (n=29) was
collected from individuals who had received 2 doses of
mRNA vaccine and subsequently contracted Omicron
BA.l. The third serum panel (n=38) was collected from
individuals who had received 3 doses of mRNA vaccine
and subsequently contracted Omicron BA.1. The genotype
of mfecting virus was verified by the molecular tests with
FDA's Emergency Use Authorization and Sanger sequen-
cmg. The de-1dentified human sera were heat-inactivated at
56°C for 30 mun before the neutralization test. The serum
information 1s presented 1n Table S1-3.

[0069] Recombmant Omicron sublineage spike mNG
SARS-CoV-2. Recombmant Omicron sublineage BA.I-,
BA.2-, BA2.12.1-, BA.3-, BA.4/5-sptke mNG SARS-
CoV-2s that was constructed by engineering the complete
spike gene from the indicated variants into an infectious
cDNA clone of mNG USA-WA1/2020 were reported pre-
viously (Kurhade et al., 2022b; Xie et al., 2020). BA.2.75-
spike sequence was based on GISAID EPI ISL. 13521499,
FIG. 7A depicts the spike mutations from different Omicron
sublineages. The full-length cDNA of viral genome bearing
the variant spike was assembled via 1in vitro higation and
used as a template for 1n vitro transcription. The full-length
viral RNA was then electroporated into Vero E6-TMPRSS2
cells. On day 3-4 post electroporation, the origmal PO virus
was harvested from the electroporated cells and propagated
tor another round on Vero E6 cells to produce the P1 virus.
The mitectious titer of the P1 virus was quantified by fluor-
escent focus assay on Vero E6 cells and sequenced for the
complete spike gene to ensure no undesired mutations. The
P1 virus was used for the neutralization test. The protocols
for the mutagenesis of mNG SARS-CoV-2 and virus pro-
duction were reported previously (Hachmann et al., N
Engl J Med 387, 86-88, 2022).

[0070] Fluorescent focus reduction neutralization test. A
fluorescent focus reduction neutralization test (FFRNT)
was performed to measure the neutralization titers of sera

agamst USA-WA1/2020, BA.1-, BA.2-, BA.2.12.1-, BA.3-
, and BA4/5-spike mNG SARS-CoV-2. The FFRN'T proto-
col was reported previously (Zou et al., 2022a). Vero E6
cells were seeded onto 96-well plates with 2.5x104 cells
per well (Greiner Bio-one™) and mcubated overnight. On
the next day, each serum was 2-fold senally diluted 1n a
culture medium and mixed with 100-150 focus-forming

units of mNG SARS-CoV-2. The final serum dilution ran-
oed from 1:20 to 1:20,480. After incubation at 37°C for 1 h,
the serum-virus mixtures were loaded onto the pre-seeded
Vero E6 cell monolayer in 96-well plates. After 1 h mfec-
tion, the moculum was removed and 100 ul of overlay med-
ium containing 0.8% methylcellulose was added to each
well. After incubating the plates at 37°C for 16 h, raw
images of mNG foci were acquired using Cytation™ 7 (Bio-
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Tek) armed with 2.5x FL Zeiss objective with a wide field of
view and processed using the software settings (GEFP
[469,525] threshold 4000, object selection size 50-1000
um). The fluorescent mNG foc1 were counted 1 each well
and normalized to the non-serum-treated controls to calcu-

Sep. 28, 2023

late the relative imfectivities. The FFRNT;s, value was
defined as the mimimal serum dilution to suppress >50% of
fluorescent foci. The neutralization titer of each serum was
determined 1 duplicate assays, and the geometric mean was
taken. Tables 3-5 summarize the FFRNT 5, results.

SEQURENCE LISTING

Sequence total guantity: 9

ok 1D NO:
FEATURE
source

SEQ ID NO:
agatctgttc
tgcactcacg
tctatcttcect
aggttttgtc
gaaaacacac
ctttggagac
ttgtggctta
catcaaacgt
agaactcgaa
tgtgggcgaa
agctggtyggc
cactgatcct
ccgtgaactc
ctgtggccct
agcttcatgc
ctgccgtgaa
attgcagaca
Cccaaatttt
gaaaaagctt
tgaatgcaac
atggcagacg
taaagaaggt
tccagcatgt
atctggcttyg
gttctcttat
cataggttgt
tcttgaaata
tgaagagatc
tgtgaaaggt
agttacaaaa
gagtcctctt
cactcttgaa
agatggaatt
ggctactaac
gcagtggcta
gcttgaagag
atttatctca
aattaaggag
tgactctatc
cacgcactca
catgcctcta
agtgttaaca
tagtgaagct
gctcgaaatc
caataccttc
gatagaagtg
taaagtactt
gttcgcecectgt
tacaccactg
gtctggtgag
tgaagaagaa
tactgaagat
acctgaagaa

1

1

tctaaacgaa
cagtataatt
gcaggctgct
cgggtgtgac
gtccaactca
tccgtggagg
gtagaagttg
tcggatgctc
ggcattcagt
ataccagtgg
catagttacg
tatgaagatt
atgcgtgagc
gatggctacc
actttgtccg
catgagcatg
ccttttgaaa
gtatttccct
gatggcttta
caaatgtgcc
ggcgattttg
gccactactt
cacaattcag
aaaaccattc
gttggttgcc
aaccatacaqg
ctccaaaaaqg
gccattattt
CLtggattata
ggaaaagcta
tatgcatttyg
actgctcaaa
Ccacagtatt
aatctagttg
actaacatct
aagtttaagg
acctgtgcett
agtgttcaga
attattggtg
aagggattgt
aaagccccaa
gaggaagttg
gttgaagctc
aaagacacag
acactcaaaqg
caaggttaca
aatgagaggt
gttgtggcag
ggcattgatt
Ctttaaattygg
ggtgattgtg
gattaccaag
gagcaagaaqg

moltype

DNA

Location/Qualifiers

1..29684
mol type
organlsm

ctttaaaatc
aataactaat
tacggtttcg
cgaaaggtaa
gtttgcctgt
aggtcttatc
aaaaaggcgt
gaactgcacc
acggtcgtag
cttaccgcaa
gcgceccgatcet
ttcaagaaaa
ttaacggagg
ctcttgagtyg
aacaactgga
aaattgcttg
ttaaattggc
taaattccat
tgggtagaat
tttcaactct
ttaaagccac
gtggttactt
aagtaggacc
ttcgtaaggyg
ataacaagtg
gtgttgttgg
agaaagtcaa
tggcatcttt
aagcattcaa
aaaaaggtgc
catcagaggc
attctgtygcg
cactgagact
taatggccta
ttggcactgt
aaggtgtaga
gtgaaattgt
cattctttaa
gagctaaact
acagaaagtg
aagaaattat
tcttgaaaac
cattggttgyg
aaaagtactg
gcggtgcacce
agagtgtgaa
gctctgceccta
atgctgtcat
tagatgagtg
cttcacatat
aagaagaaga
gtaaaccttt
aagattggtt

other DNA
Synthetic

tgtgtggctg
tactgtcgtt
tcecgtgttge
gatggagagc
Ctttacaggtt
agaggcacgt
tttgcctcaa
tcatggtcat
tggtgagaca
ggttcttctt
aaagtcattt
ctggaacact
ggcatacact
cattaaagac
ctttattgac
gtacacggaa
aaagaaattt
aatcaagact
tcgatctgtce
catgaagtgt
ttgcgaattt
accccaaaat
tgagcatagt
tggtcgcact
tgcctattygg
agaaggttcc
catcaatatt
ttctgcttcce
acaaattgtt
ctggaatatt
tgctcgtgtt
tgttttacag
cattgatgct
cattacaggt
ttatgaaaaa
gtttcttaga
cggtggacaa
gcttgtaaat
Laaagccttyg
tgttaaatcc
cttcttagag
tggtgattta
Cacaccagtt
tgcccttgcea
aacaaaggtt
tatcactttt
tacagttgaa
aaaaactttg
gagtatggct
gtattgttct
gtttgagcca
ggaatttggt
agatgatgat

length

29684

construct

tcactcggcet
gacaggacac
agccgatcat
cttgtcecctyg
cgcgacgtgce
caacatctta
cttgaacagc
gttatggttg
cttggtgtcc
cgtaagaacg
gacttaggcg
aaacatagca
cgctatgtcg
cttctagcac
actaagaggg
cgttctgaaa
gacaccttca
attcaaccaa
tatccagttyg
gatcattgtg
tgtggcactg
gctgttgtta
cttgccgaat
attgcctttyg
gttccacgtg
gaaggtctta
gttggtgact
acaagtgctt
gaatcctgtyg
ggtgaacaga
gtacgatcaa
aaggccgcecta
atgatgttca
ggtgttgttc
ctcaaacccg
gacggttggg
attgtcacct
aaatttttgg
aatttaggtyg
agagaagaaa
ggagaaacac
caaccattag
tgtattaacg
cctaatatga
acttttggtyg
gaacttgatg
ctcggtacag
caaccagtat
acatactact
ttttaccctc
tcaactcaat
gccacttctg
agtcaacaaa

gcatgcttag ©0

gagtaactcg 120
cagcacatct 180
gtttcaacga 240
CLcgtacgtgg 300
aagatggcac 360
cctatgtgtt 420
agctggtage 480
ttgtccectca 540
gtaataaagg ©00
acgagcttgg ©60
gtggtgttac 720
ataacaactt 7890
gtgctggtaa 840
gtgtatactg 900
agagctatga 960
atggggaatg 1020
gggttgaaaa 10c0
cgtcaccaaa 1140
gtgaaacttc 1200
agaatttgac 1260
aaatttattg 1320
accataatga 1360
gaggctgtgt 1440
ctagcgctaa 1500
atgacaacct 1560
Ltaaacttaa 1620
ttgtggaaac 1660
gtaattttaa 1740
aatcaatact 1800
ttttctecececg 1860
taacaatact 1920
catctgattt 1980
agttgacttc 2040
tccttgattg 2100
aaattgttaa 2160
gtgcaaagga 2220
ctttgtgtgc 2280
aaacatttgt 2340
ctggcctact 2400
ttcccacaga 2460
aacaacctac 2520
ggcttatgtt 2580
tggtaacaaa 26040
atgacactgt 2700
aaaggattga 2760
aagtaaatga 2820
ctgaattact 2880
tatttgatga 2940
cagatgagga 3000
atgagtatgg 3060
ctgectcttca 3120
ctgttggtca 3180



US 2023/0303634 Al Sep. 28, 2023

16
-continued
acaagacggc agtgaggaca atcagacaac tactattcaa acaattgttg aggttcaacce 3240
tcaattagag atggaactta caccagttgt tcagactatt gaagtgaata gttttagtgg 3300
ttatttaaaa cttactgaca atgtatacat taaaaatgca gacattgtgg aagaagctaa 3360
aaaggtaaaa ccaacagtgg ttgttaatgc agccaatgtt taccttaaac atggaggagg 3420
tgttgcagga gccttaaata aggctactaa caatgceccatg caagttgaat ctgatgatta 3480
catagctact aatggaccac ttaaagtggg tggtagttgt gttttaagcg gacacaatct 3540
tgctaaacac tgtcttcatg ttgtcggccce aaatgttaac aaaggtgaag acattcaact 36000
tcttaagagt gcecttatgaaa attttaatca gcacgaagtt ctacttgcac cattattatcec 3660
agctggtatt tttggtgctg accctataca ttcectttaaga gtttgtgtag atactgttcg 3720
cacaaatgtc tacttagctg tcectttgataa aaatctctat gacaaacttg tttcaagett 3780
tttggaaatg aagagtgaaa agcaagttga acaaaagatc gctgagattc ctaaagagga 3840
agttaagcca tttataactg aaagtaaacc ttcagttgaa cagagaaaac aagatgataa 3900
gaaaatcaaa gcttgtgttg aagaagttac aacaactctg gaagaaacta agttcctcac 3960
agaaaacttg ttactttata ttgacattaa tggcaatctt catccagatt ctgccactcect 4020
tgttagtgac attgacatca ctttcttaaa gaaagatgct ccatatatag tgggtgatgt 4080
tgttcaagag ggtgttttaa ctgctgtggt tatacctact aaaaaggctg gtggcactac 4140
tgaaatgcta gcgaaagctt tgagaaaagt gccaacagac aattatataa ccacttaccce 4200
gggtcagggt ttaaatggtt acactgtaga ggaggcaaag acagtgctta aaaagtgtaa 4260
aagtgccttt tacattctac catctattat ctctaatgag aagcaagaaa ttcttggaac 4320
tgtttcttgg aatttgcgag aaatgcttgce acatgcagaa gaaacacgca aattaatgcecce 4380
tgtctgtgtyg gaaactaaag ccatagtttc aactatacag cgtaaatata agggtattaa 4440
aatacaagag ggtgtggttg attatggtgce tagattttac ttttacacca gtaaaacaac 4500
tgtagcgtca cttatcaaca cacttaacga tctaaatgaa actcttgtta caatgccact 4560
tggctatgta acacatggct taaatttgga agaagcectgcect cggtatatga gatctctcaa 4620
agtgccagct acagtttctg tttecttcacce tgatgectgtt acagcgtata atggttatcect 4680
tacttcttct tctaaaacac ctgaagaaca ttttattgaa accatctcac ttgctggttec 4740
ctataaagat tggtcctatt ctggacaatc tacacaacta ggtatagaat ttcttaagag 4800
aggtgataaa agtgtatatt acactagtaa tcctaccaca ttccacctag atggtgaagt 4860
tatcaccttt gacaatctta agacacttct ttctttgaga gaagtgagga ctattaaggt 4920
gtttacaaca gtagacaaca ttaacctcca cacgcaagtt gtggacatgt caatgacata 4980
tggacaacag tttggtccaa cttatttgga tggagctgat gttactaaaa taaaacctca 5040
taattcacat gaaggtaaaa cattttatgt tttacctaat gatgacactc tacgtgttga 5100
ggcttttgag tactaccaca caactgatcce tagttttcectg ggtaggtaca tgtcagcatt 5160
aaatcacact aaaaagtgga aatacccaca agttaatggt ttaacttcta ttaaatgggce 5220
agataacaac tgttatcttg ccactgcatt gttaacactc caacaaatag agttgaagtt 5280
taatccacct gctctacaag atgcttatta cagagcaagg gctggtgaag cggctaactt 5340
ttgtgcactt atcttagcecct actgtaataa gacagtaggt gagttaggtg atgttagaga 5400
aacaatgagt tacttgtttc aacatgccaa tttagattct tgcaaaagag tcttgaacgt 5460
ggtgtgtaaa acttgtggac aacagcagac aacccttaag ggtgtagaag ctgttatgta 5520
catgggcaca ctttcttatg aacaatttaa gaaaggtgtt cagatacctt gtacgtgtgg 5580
taaacaagct acaaaatatc tagtacaaca ggagtcacct tttgttatga tgtcagcacc 5040
acctgctcag tatgaactta agcatggtac atttacttgt gctagtgagt acactggtaa 5700
ttaccagtgt ggtcactata aacatataac ttctaaagaa actttgtatt gcatagacgg 5760
tgctttactt acaaagtcct cagaatacaa aggtcctatt acggatgttt tctacaaaga 5820
aaacagttac acaacaacca taaaaccagt tacttataaa ttggatggta ttgtttgtac 5880
agaaattgac cctaagttgg acaattatta taagaaagac aattcttatt tcacagagca 5940
accaattgat cttgtaccaa accaaccata tccaaacgca agcttcgata attttaagtt ©000
tgtatgtgat aatatcaaat ttgctgatga tttaaaccag ttaactggtt ataagaaacc 6060
tgcttcaaga gagcttaaag ttacattttt ccctgactta aatggtgatg tggtggctat ©120
tgattataaa cactacacac cctcttttaa gaaaggagcect aaattgttac ataaacctat 6180
tgtttggcat gttaacaatg caactaataa agccacgtat aaaccaaata cctggtgtat ©240
acgttgtctt tggagcacaa aaccagttga aacatcaaat tcecgtttgatg tactgaagtcec ©300
agaggacgcg cagggaatgg ataatcttgce ctgcgaagat ctaaaaccag tctctgaaga 6360
agtagtggaa aatcctacca tacagaaaga cgttcttgag tgtaatgtga aaactaccga 6420
agttgtagga gacattatac ttaaaccagc aaataatata aaaattacag aagaggttgg 6480
ccacacagat ctaatggctg cttatgtaga caattctagt cttactatta agaaacctaa ©540
tgaattatct agagtattag gtttgaaaac ccttgctact catggtttag ctgctgttaa 6600
tagtgtccct tgggatacta tagctaatta tgctaagect tttecttaaca aagttgttag 6660
tacaactact aacatagtta cacggtgttt aaaccgtgtt tgtactaatt atatgcctta 6720
tttctttact ttattgctac aattgtgtac ttttactaga agtacaaatt ctagaattaa ©/80
agcatctatg ccgactacta tagcaaagaa tactgttaag agtgtcggta aattttgtcect 6840
agaggcttca tttaattatt tgaagtcacc taatttttct aaactgataa atattataat 6900
ttggttttta ctattaagtg tttgcctagg ttctttaatc tactcaaccg ctgcectttagg 6960
tgttttaatg tctaatttag gcatgcctte ttactgtact ggttacagag aaggctattt 7020
gaactctact aatgtcacta ttgcaaccta ctgtactggt tctatacctt gtagtgtttg 7080
tcttagtggt ttagattctt tagacaccta tceccttcecttta gaaactatac aaattaccat 7140
ttcatctttt aaatgggatt taactgcttt tggcttagtt gcagagtggt ttttggcata 7200
tattcttttec actaggtttt tctatgtact tggattggct gcaatcatge aattgttttt 7260
cagctatttt gcagtacatt ttattagtaa ttcttggctt atgtggttaa taattaatct 7320
tgtacaaatyg gccccecgattt cagcectatggt tagaatgtac atcttcectttg catcatttta 7380
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ttatgtatgyg aaaagttatg tgcatgttgt agacggttgt aattcatcta catgtatgat 7440
gtgttacaaa cgtaatagag caacaagagt cgaatgtaca actattgtta atggtgttag 7500
aaggtccttt tatgtctatg ctaatggagg taaaggcttt tgcaaactac acaattggaa 7560
ttgtgttaat tgtgatacat tctgtgctgg tagtacattt attagtgatg aagttgcgag 7620
agacttgtca ctacagttta aaagaccaat aaatcctact gaccagtcectt cttacatcecgt 7680
Ctgatagtgtt acagtgaaga atggttccat ccatctttac tttgataaag ctggtcaaaa 7740
gacttatgaa agacattctc tctcectcattt tgttaactta gacaacctga gagctaataa 7800
cactaaaggt tcattgccta ttaatgttat agtttttgat ggtaaatcaa aatgtgaaga 7860
atcatctgca aaatcagcecgt ctgtttacta cagtcagcett atgtgtcaac ctatactgtt 7920
actagatcag gcattagtgt ctgatgttgg tgatagtgcg gaagttgcag ttaaaatgtt 7980
Ctgatgcttac gttaatacgt tttcatcaac ttttaacgta ccaatggaaa aactcaaaac 6040
actagttgca actgcagaag ctgaacttgc aaagaatgtg tccttagaca atgtcttatce 6100
tacttttatt tcagcagctc ggcaagggtt tgttgattca gatgtagaaa ctaaagatgt ©lel
tgttgaatgt cttaaattgt cacatcaatc tgacatagaa gttactggcecg atagttgtaa 8220
taactatatg ctcacctata acaaagttga aaacatgaca ccccecgtgacce ttggtgettg 8280
tattgactgt agtgcgcgtc atattaatgce gcaggtagca aaaagtcaca acattacttt 8340
gatatggaac gttaaagatt tcatgtcatt gtctgaacaa ctacgaaaac aaatacgtag 8400
tgctgctaaa aagaataact taccttttaa gttgacatgt gcaactacta gacaagttgt 8460
taatgttgta acaacaaaga tagcacttaa gggtggtaaa attgttaata attggttgaa 8520
gecagttaatt aaagttacac ttgtgttcecct ttttgttgct gctattttet atttaataac 8580
acctgttcat gtcatgtcta aacatactga cttttcaagt gaaatcatag gatacaaggc 8640
tattgatggt ggtgtcactc gtgacatagce atctacagat acttgttttg ctaacaaaca 8700
tgctgatttt gacacatggt ttagccagcg tggtggtagt tatactaatg acaaagcecttg /60
cccattgatt gcectgcagtca taacaagaga agtgggtttt gtcgtgcecctg gtttgecctgg 8820
cacgatatta cgcacaacta atggtgactt tttgcatttc ttacctagag tttttagtgce 8880
agttggtaac atctgttaca caccatcaaa acttatagag tacactgact ttgcaacatc 8940
agcttgtgtt ttggctgctg aatgtacaat ttttaaagat gcttctggta agccagtacc 2000
atattgttat gataccaatg tactagaagg ttctgttgct tatgaaagtt tacgccctga 2060
cacacgttat gtgctcatgg atggctctat tattcaattt cctaacacct accttgaagg ©¢120
ttctgttaga gtggtaacaa cttttgattc tgagtactgt aggcacggca cttgtgaaag ©180
atcagaagct ggtgtttgtg tatctactag tggtagatgg gtacttaaca atgattatta 9240
cagatcttta ccaggagttt tctgtggtgt agatgctgta aatttactta ctaatatgtt ©300
tacaccacta attcaaccta ttggtgcttt ggacatatca gcatctatag tagectggtgg 9360
tattgtagct atcgtagtaa catgceccttge ctactatttt atgaggttta gaagagecttt 9420
tggtgaatac agtcatgtag ttgcctttaa tactttacta ttceccttatgt cattcactgt 9480
actctgttta acaccagttt actcattctt acctggtgtt tattctgtta tttacttgta 9540
cttgacattt tatcttacta atgatgtttc ttttttagca catattcagt ggatggttat ©600
gttcacacct ttagtacctt tctggataac aattgcecttat atcatttgta tttccacaaa 2660
gecatttctat tggttcecttta gtaattacct aaagagacgt gtagtcttta atggtgttte ©720
ctttagtact tttgaagaag ctgcgctgtg cacctttttg ttaaataaag aaatgtatct ©¢780
aaagttgcgt agtgatgtgc tattacctct tacgcaatat aatagatact tagcectcttta 9840
taataagtac aagtatttta gtggagcaat ggatacaact agctacagag aagctgcttg 9900
ttgtcatctc gcaaaggcectcec tcaatgactt cagtaactca ggttctgatg ttcectttacca 92960
accaccacaa atctctatca cctecagetgt tttgcagagt ggttttagaa aaatggcatt 10020
cccatctggt aaagttgagg gttgtatggt acaagtaact tgtggtacaa ctacacttaa 10080
cggtctttgg cttgatgacg tagtttactg tccaagacat gtgatctgca cctctgaaga 10140
catgcttaac cctaattatg aagatttact cattcgtaag tctaatcata atttcttggt 10200
acaggctggt aatgttcaac tcagggttat tggacattct atgcaaaatt gtgtacttaa 10260
gecttaaggtt gatacagcca atcctaagac acctaagtat aagtttgttce gecattcaacce 10320
aggacagact ttttcagtgt tagcttgtta caatggttca ccatctggtg tttaccaatg 10380
tgctatgagg cacaatttca ctattaaggg ttcattcctt aatggttcat gtggtagtgt 10440
tggttttaac atagattatg actgtgtctce tttttgttac atgcaccata tggaattacc 10500
aactggagtt catgctggca cagacttaga aggtaacttt tatggacctt ttgttgacag 10560
Jcaaacagca caagcagctg gtacggacac aactattaca gttaatgttt tagettggtt 10620
gtacgctgct gttataaatg gagacaggtg gtttctcaat cgatttacca caactcttaa 10680
Cgactttaac cttgtggcta tgaagtacaa ttatgaacct ctaacacaag accatgttga 10740
catactagga cctctttctg ctcaaactgg aattgccecgtt ttagatatgt gtgcecttcatt 10800
aaaagaatta ctgcaaaatg gtatgaatgg acgtaccata ttgggtagtg ctttattaga 10860
agatgaattt acaccttttg atgttgttag acaatgctca ggtgttactt tccaaagtgce 10820
agtgaaaaga acaatcaagg gtacacacca ctggttgtta ctcacaattt tgacttcact 109880
tttagtttta gtccagagta ctcaatggtc tttgttcecttt tttttgtatg aaaatgecctt 11040
tttacctttt gctatgggta ttattgctat gtctgectttt gcaatgatgt ttgtcaaaca 11100
taagcatgca tttctectgtt tgtttttgtt accttctcett gccactgtag cttattttaa 11160
tatggtctat atgcctgcecta gttgggtgat gcgtattatg acatggttgg atatggttga 11220
tactagtttt aagctaaaag actgtgttat gtatgcatca gctgtagtgt tactaatcct 11280
tatgacagca agaactgtgt atgatgatgg tgctaggaga gtgtggacac ttatgaatgt 11340
cttgacactc gtttataaag tttattatgg taatgcttta gatcaagcca tttccatgtg 11400
ggctcttata atctctgtta cttctaacta ctcaggtgta gttacaactg tcatgttttt 11460
ggccagaggt gttgttttta tgtgtgttga gtattgccct attttcecttca taactggtaa 11520
tacacttcag tgtataatgc tagtttattg tttcttagge tatttttgta cttgttactt 11280
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tggcecctcecttt tgtttactca accgcectactt tagactgact cttggtgttt atgattactt 11640
agtttctaca caggagttta gatatatgaa ttcacaggga ctactcccac ccaagaatag 11700
catagatgcc ttcaaactca acattaaatt gttgggtgtt ggtggcaaac cttgtatcaa 11760
agtagccact gtacagtcta aaatgtcaga tgtaaagtgc acatcagtag tcttactcte 11820
agttttgcaa caactcagag tagaatcatc atctaaattg tgggctcaat gtgtccagtt 11880
acacaatgac attctcttag ctaaagatac tactgaagcecc tttgaaaaaa tggtttcact 11940
actttctgtt ttgctttcca tgcagggtgce tgtagacata aacaagcettt gtgaagaaat 12000
gectggacaac agggcaacct tacaagctat agcecctcagag tttagttccece ttceccatcata 120600
tgcagctttt gctactgctc aagaagcectta tgagcaggcet gttgctaatg gtgattctga 12120
agttgttctt aaaaagttga agaagtcttt gaatgtggct aaatctgaat ttgaccgtga 12180
CLgcagccatg caacgtaagt tggaaaagalt ggctgatcaa gcectatgaccc aaatgtataa 12240
acaggctaga tctgaggaca agagggcaaa agttactagt gctatgcaga caatgetttt 12300
cactatgctt agaaagttgg ataatgatgc actcaacaac attatcaaca atgcaagaga 12360
cggttgtgtt cccttgaaca taatacctct tacaacagca gccaaactaa tggttgtcat 12420
accagactat aacacatata aaaatacgtg tgatggtaca acatttactt atgcatcagce 12480
attgtgggaa atccaacagg ttgtagatgc agatagtaaa attgttcaac ttagtgaaat 12540
tagtatggac aattcaccta atttagcatg gcecctcecttatt gtaacagctt taagggccaa 12600
ttctgctgtc aaattacaga ataatgagct tagtcctgtt gcactacgac agatgtcttg 12660
tgctgccggt actacacaaa ctgcttgcac tgatgacaat gcecgttagett actacaacac 12720
aacaaaggga ggtaggtttg tacttgcact gttatccgat ttacaggatt tgaaatggge 12780
tagattcccect aagagtgatg gaactggtac tatctataca gaactggaac caccttgtag 12840
gtttgttaca gacacaccta aaggtcctaa agtgaagtat ttatacttta ttaaaggatt 12900
aaacaaccta aatagaggta tggtacttgg tagtttagct gccacagtac gtctacaage 12960
tggtaatgca acagaagtgc ctgccaattc aactgtatta tcectttcectgtg cttttgetgt 13020
agatgctgct aaagcttaca aagattatct agctagtggg ggacaaccaa tcactaattg 13080
Ctgttaagatg ttgtgtacac acactggtac tggtcaggca ataacagtca caccggaagce 13140
caatatggat caagaatcct ttggtggtgce atcgtgttgt ctgtactgcec gttgccacat 13200
agatcatcca aatcctaaag gattttgtga cttaaaaggt aagtatgtac aaatacctac 13260
aacttgtgct aatgaccctg tgggttttac acttaaaaac acagtctgta ccgtctgegg 13320
tatgtggaaa ggttatggct gtagttgtga tcaactccgcec gaacccatge ttcagtcage 13380
tgatgcacaa tcgtttttaa acgggtttge ggtgtaagtg cagcccecgtcect tacaccgtge 13440
ggcacaggca ctagtactga tgtcgtatac agggecttttg acatctacaa tgataaagta 13200
gectggttttg ctaaattect aaaaactaat tgttgtcecgcet tccaagaaaa ggacgaagat 13560
gacaatttaa ttgattctta ctttgtagtt aagagacaca ctttctctaa ctaccaacat 13620
gJaagaaacaa tttataattt acttaaggat tgtccagctg ttgctaaaca tgacttecttt 13680
aagtttagaa tagacggtga catggtacca catatatcac gtcaacgtct tactaaatac 13740
acaatggcag acctcgtcta tgctttaagg cattttgatg aaggtaattg tgacacatta 13800
aaagaaatac ttgtcacata caattgttgt gatgatgatt atttcaataa aaaggactgg 13860
tatgattttg tagaaaaccc agatatatta cgcgtatacg ccaacttagg tgaacgtgta 13820
cgccaagctt tgttaaaaac agtacaattc tgtgatgcca tgcgaaatge tggtattgtt 13880
ggtgtactga cattagataa tcaagatctc aatggtaact ggtatgattt cggtgatttce 14040
atacaaacca cgccaggtag tggagttcct gttgtagatt cttattattc attgttaatg 14100
cctatattaa ccttgaccag ggctttaact gcagagtcac atgttgacac tgacttaaca 14160
aagccttaca ttaagtggga tttgttaaaa tatgacttca cggaagagag gttaaaactce 14220
tttgaccgtt attttaaata ttgggatcag acataccacc caaattgtgt taactgtttg 14280
gatgacagat gcattctgca ttgtgcaaac tttaatgttt tattctctac agtgttccca 14340
cttacaagtt ttggaccact agtgagaaaa atatttgttg atggtgttcc atttgtagtt 14400
tcaactggat accacttcag agagctaggt gttgtacata atcaggatgt aaacttacat 14460
agctctagac ttagttttaa ggaattactt gtgtatgctg ctgaccctge tatgcacget 14520
gcttectggta atctattact agataaacgce actacgtget tttcagtage tgcacttact 14580
aacaatgttg cttttcaaac tgtcaaaccce ggtaatttta acaaagactt ctatgacttt 14640
gectgtgtcecta agggtttcett taaggaagga agttctgttg aattaaaaca cttcecttecttt 14700
gectcaggatyg gtaatgctge tatcagcecgat tatgactact atcgttataa tctaccaaca 14760
atgtgtgata tcagacaact actatttgta gttgaagttg ttgataagta ctttgattgt 14820
tacgatggtg gctgtattaa tgctaaccaa gtcatcgtca acaacctaga caaatcaget 14880
ggttttccat ttaataaatg gggtaaggct agactttatt atgattcaat gagttatgag 14840
gatcaagatg cacttttcgce atatacaaaa cgtaatgtca tceccecctactat aactcaaatg 15000
aatcttaagt atgccattag tgcaaagaat agagctcgca ccgtagetgg tgtcectcectate 15060
tgtagtacta tgaccaatag acagtttcat caaaaattat tgaaatcaat agccgccact 15120
agaggagcta ctgtagtaat tggaacaagc aaattctatg gtggttggca caatatgtta 15180
aaaactgttt atagtgatgt agaaaaccct caccttatgg gttgggatta tcctaaatgt 15240
gatagagcca tgcctaacat gcttagaatt atggcecctcac ttgttcecttgce tcgcaaacat 15300
acaacgtgtt gtagcttgtc acaccgtttce tatagattag ctaatgagtg tgctcaagta 15360
ttgagtgaaa tggtcatgtg tggcggttca ctatatgtta aaccaggtgg aacctcatca 15420
ggagatgcca caactgctta tgctaatagt gtttttaaca tttgtcaagce tgtcacggcecce 15480
aatgttaatg cacttttatc tactgatggt aacaaaattg ccgataagta tgtccgcaat 15240
ttacaacaca gactttatga gtgtctctat agaaatagag atgttgacac agactttgtg 15600
aatgagtttt acgcatattt gcgtaaacat ttctcaatga tgatactctce tgacgatgcect 15660
gttgtgtgtt tcaatagcac ttatgcatct caaggtctag tggctagcat aaagaacttt 15720
aagtcagttc tttattatca aaacaatgtt tttatgtctg aagcaaaatg ttggactgag 15780
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actgacctta ctaaaggacc tcatgaattt tgctctcaac atacaatgcect agttaaacag 15840
ggtgatgatt atgtgtacct tccttaccca gatccatcaa gaatcctagg ggceccggetgt 15900
tttgtagatg atatcgtaaa aacagatggt acacttatga ttgaacggtt cgtgtcttta 15960
gectatagatyg cttacccact tactaaacat cctaatcagg agtatgcectga tgtcectttcat 16020
ttgtacttac aatacataag aaagctacat gatgagttaa caggacacat gttagacatg 16080
tattctgtta tgcttactaa tgataacact tcaaggtatt gggaacctga gttttatgag 16140
gectatgtaca caccgcatac agtcecttacag getgttgggg cttgtgttcet ttgcaattca 16200
cagacttcat taagatgtgg tgcttgcata cgtagaccat tcecttatgttg taaatgcectgt 16260
tacgaccatg tcatatcaac atcacataaa ttagtcttgt ctgttaatcc gtatgtttge 16320
aatgctccag gttgtgatgt cacagatgtg actcaacttt acttaggagg tatgagctat 16380
tattgtaaat cacataaacc acccattagt tttccattgt gtgctaatgg acaagttttt 16440
ggtttatata aaaatacatg tgttggtagc gataatgtta ctgactttaa tgcaattgca 16500
acatgtgact ggacaaatgc tggtgattac attttagcta acacctgtac tgaaagactce 16560
aagctttttyg cagcagaaac gctcaaagct actgaggaga catttaaact gtcttatggt 16620
attgctactg tacgtgaagt gctgtctgac agagaattac atctttcatg ggaagttggt 16680
aaacctagac caccacttaa ccgaaattat gtctttactg gttatcgtgt aactaaaaac 16740
agtaaagtac aaataggaga gtacaccttt gaaaaaggtg actatggtga tgctgttgtt 16800
taccgaggta caacaactta caaattaaat gttggtgatt attttgtgct gacatcacat 16860
acagtaatgc cattaagtgc acctacacta gtgccacaag agcactatgt tagaattact 16820
ggcttatacc caacactcaa tatctcagat gagttttcta gcaatgttge aaattatcaa 169880
aaggttggta tgcaaaagta ttctacactc cagggaccac ctggtactgg taagagtcat 17040
tttgctattyg gcctagectcect ctactaccct tcectgectcecgceca tagtgtatac agcecttgetet 17100
catgccgctg ttgatgcact atgtgagaag gcattaaaat atttgecctat agataaatgt 17160
agtagaatta tacctgcacg tgctcgtgta gagtgttttg ataaattcaa agtgaattca 17220
acattagaac agtatgtctt ttgtactgta aatgcattgc ctgagacgac agcagatata 17280
gttgtctttg atgaaatttc aatggccaca aattatgatt tgagtgttgt caatgccaga 17340
ttacgtgcta agcactatgt gtacattggce gaccctgctce aattacctgce accacgcaca 17400
ttgctaacta agggcacact agaaccagaa tatttcaatt cagtgtgtag acttatgaaa 17460
actataggtc cagacatgtt cctcecggaact tgtcecggegtt gtcecctgcectga aattgttgac 173520
actgtgagtg ctttggttta tgataataag cttaaagcac ataaagacaa atcagctcaa 17380
CLgctttaaaa tgttttataa gggtgttatc acgcatgatg tttcatctgce aattaacagg 17640
ccacaaatag gcgtggtaag agaattcecctt acacgtaacce ctgcecttggag aaaagcectgte 17700
tttatttcac cttataattc acagaatgct gtagcctcaa agattttggg actaccaact 17760
caaactgttg attcatcaca gggctcagaa tatgactatg tcatattcac tcaaaccact 17820
gaaacagctc actcttgtaa tTgtaaacaga tttaatgttg ctattaccag agcaaaagta 17880
ggcatacttt gcataatgtc tgatagagac ctttatgaca agttgcaatt tacaagtctt 17940
gaaattccac gtaggaatgt ggcaacttta caagctgaaa atgtaacagg actctttaaa 18000
gattgtagta aggtaatcac tgggttacat cctacacagg cacctacaca cctcagtgtt 18060
gacactaaat tcaaaactga aggtttatgt gttgacgtac ctggcatacc taaggacatg 18120
acctatagaa gactcatctc tatgatgggt tttaaaatga attatcaagt taatggttac 18180
cctaacatgt ttatcacccg cgaagaagct ataagacatg tacgtgcatg gattggectte 18240
gatgtcgagg ggtgtcatgc tactagagaa gctgttggta ccaatttacc tttacagecta 18300
ggtttttcta caggtgttaa cctagttgct gtacctacag gttatgttga tacacctaat 18360
aatacagatt tttccagagt tagtgctaaa ccaccgcecctg gagatcaatt taaacacctce 18420
ataccactta tgtacaaagg acttccttgg aatgtagtgc gtataaagat tgtacaaatg 18480
ttaagtgaca cacttaaaaa tctctctgac agagtcgtat ttgtcttatg ggcacatgge 18240
tttgagttga catctatgaa gtattttgtg aaaataggac ctgagcgcac ctgttgtcta 18600
tgtgatagac gtgccacatg cttttccact gcttcagaca cttatgcecctg ttggcatcat 18660
tctattggat ttgattacgt ctataatccg tttatgattg atgttcaaca atggggtttt 18720
acaggtaacc tacaaagcaa ccatgatctg tattgtcaag tccatggtaa tgcacatgta 18780
gectagttgtg atgcaatcat gactaggtgt ctagcectgtcecce acgagtgcett tgttaagegt 18840
gttgactgga ctattgaata tcctataatt ggtgatgaac tgaagattaa tgcggecttgt 18800
agaaaggttc aacacatggt tgttaaagct gcattattag cagacaaatt cccagttcectt 183860
cacgacattg gtaaccctaa agctattaag tgtgtacctc aagctgatgt agaatggaag 19020
ttctatgatyg cacagccttg tagtgacaaa gcttataaaa tagaagaatt attctattcect 19080
tatgccacac attctgacaa attcacagat ggtgtatgcce tattttggaa ttgcaatgte 19140
gatagatatc ctgctaattc cattgtttgt agatttgaca ctagagtgcet atctaacctt 19200
aacttgcctg gttgtgatgg tggcagtttg tatgtaaata aacatgcatt ccacacacca 19260
gecttttgata aaagtgcecttt tgttaattta aaacaattac catttttcta ttactctgac 19320
agtccatgtg agtctcatgg aaaacaagta gtgtcagata tagattatgt accactaaag 19380
tctgctacgt gtataacacg ttgcaattta ggtggtgctg tctgtagaca tcatgctaat 19440
gagtacagat tgtatctcga tgcttataac atgatgatct cagctggett tagettgtgg 19500
gtttacaaac aatttgatac ttataacctc tggaacactt ttacaagact tcagagttta 19560
gaaaatgtgg cttttaatgt tgtaaataag ggacactttg atggacaaca gggtgaagta 19620
ccagtttcta tcattaataa cactgtttac acaaaagttg atggtgttga tgtagaattg 19680
tttgaaaata aaacaacatt acctgttaat gtagcatttg agctttgggc taagcgcaac 19740
attaaaccag taccagaggt gaaaatactc aataatttgg gtgtggacat tgctgctaat 19800
actgtgatct gggactacaa aagagatgct ccagcacata tatctactat tggtgtttgt 19860
tctatgactyg acatagccaa gaaaccaact gaaacgattt gtgcaccact cactgtettt 19920
tttgatggta gagttgatgg tcaagtagac ttatttagaa atgcccecgtaa tggtgttcett 199880
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attacagaag gtagtgttaa aggtttacaa ccatctgtag gtcccaaaca agctagtett 20040
aatggagtca cattaattgg agaagccgta aaaacacagt tcaattatta taagaaagtt 20100
gatggtgttg tccaacaatt acctgaaact tactttactc agagtagaaa tttacaagaa 20160
tttaaaccca ggagtcaaat ggaaattgat ttcttagaat tagctatgga tgaattcatt 20220
gaacggtata aattagaagg ctatgccttc gaacatatcg tttatggaga ttttagtcat 20280
agtcagttag gtggtttaca tctactgatt ggactagcta aacgttttaa ggaatcacct 20340
tttgaattag aagattttat tcctatggac agtacagtta aaaactattt cataacagat 20400
gcgcaaacag gttcatctaa gtgtgtgtgt tctgttattg atttattact tgatgatttt 20460
gttgaaataa taaaatccca agatttatct gtagtttcta aggttgtcaa agtgactatt 20520
gactatacag aaatttcatt tatgctttgg tgtaaagatg gccatgtaga aacattttac 20580
ccaaaattac aatctagtca agcgtggcaa ccgggtgttg ctatgcecctaa tcectttacaaa 20640
atgcaaagaa tgctattaga aaagtgtgac cttcaaaatt atggtgatag tgcaacatta 20700
cctaaaggca taatgatgaa tgtcgcaaaa tatactcaac tgtgtcaata tttaaacaca 20760
ttaacattag ctgtacccta taatatgaga gttatacatt ttggtgctgg ttctgataaa 20820
ggagttgcac caggtacagc tgttttaaga cagtggttgce ctacgggtac gectgecttgte 20880
gattcagatc ttaatgactt tgtctctgat gcagattcaa ctttgattgg tgattgtgca 20940
actgtacata cagctaataa atgggatctc attattagtg atatgtacga ccctaagact 21000
aaaaatgtta caaaagaaaa tgactctaaa gagggttttt tcacttacat ttgtgggttt 21060
atacaacaaa agctagctct tggaggttcecce gtggectataa agataacaga acattcttgg 21120
aatgctgatc tttataagct catgggacac ttcecgcecatggt ggacagectt tgttactaat 21180
gtgaatgcgt catcatctga agcattttta attggatgta attatcttgg caaaccacgce 21240
gaacaaatag atggttatgt catgcatgca aattacatat tttggaggaa tacaaatcca 21300
attcagttgt cttcctattc tttatttgac atgagtaaat ttccccttaa attaaggggt 21360
actgctgtta tgtctttaaa agaaggtcaa atcaatgata tgattttatc tcttecttagt 21420
aaaggtagac ttataattag agaaaacaac agagttgtta tttctagtga tgttcttgtt 21480
aacaactaaa cgaacaatgt ttgtttttct tgttttattg ccactagtct ctagtcagtg 21540
tgttaatctt acaaccagaa ctcaattacc ccctgcatac actaattctt tcacacgtgg 21600
tgtttattac cctgacaaag ttttcagatc ctcagtttta cattcaactc aggacttgtt 21660
cttacctttce ttttceccaatg ttacttggtt ccatgttatc tctgggacca atggtactaa 21720
gaggtttgat aaccctgtcc taccatttaa tgatggtgtt tattttgcectt ccattgagaa 21780
gtctaacata ataagaggct ggatttttgg tactacttta gattcgaaga cccagtccect 21840
acttattgtt aataacgcta ctaatgttgt tattaaagtc tgtgaatttc aattttgtaa 21200
tgatccattt ttggaccaca aaaacaacaa aagttggatg gaaagtgagt tcagagttta 21960
ttctagtgcg aataattgca cttttgaata tgtctctcag ccttttcectta tggaccttga 22020
aggaaaacag ggtaatttca aaaatcttag ggaatttgtg tttaagaata ttgatggtta 22080
ttttaaaata tattctaagc acacgcctat tatagtgcgt gagccagaag atctccecctca 22140
gggtttttcg gcectttagaac cattggtaga tttgccaata ggtattaaca tcactaggtt 22200
tcaaacttta cttgctttac atagaagtta tttgactcct ggtgattctt cttcaggttg 22260
gacagctggt gcectgcagett attatgtggg ttatcttcaa cctaggactt ttctattaaa 22320
atataatgaa aatggaacca ttacagatgc tgtagactgt gcacttgacc ctctctcaga 22380
aacaaagtgt acgttgaaat ccttcactgt agaaaaagga atctatcaaa cttctaactt 22440
tagagtccaa ccaacagaat ctattgttag atttcctaat attacaaact tgtgcccttt 22500
tgatgaagtt tttaacgcca ccagatttgce atctgtttat gcttggaaca ggaagagaat 22560
cagcaactgt gttgctgatt attctgtcct atataatctc gcaccatttt tcacttttaa 22620
gtgttatgga gtgtctccta ctaaattaaa tgatctctge tttactaatg tctatgcaga 22680
ttcatttgta attagaggtg atgaagtcag acaaatcgct ccagggcaaa ctggaaatat 22740
tgctgattat aattataaat taccagatga ttttacaggc tgcgttatag cttggaattce 22800
taacaagctt gattctaagg ttagtggtaa ttataattac ctgtatagat tgtttaggaa 22860
gtctaatctc aaaccttttg agagagatat ttcaactgaa atctatcagg ccggtaacaa 22820
accttgtaat ggtgttgcag gttttaattg ttactttcect ttacgatcat atagtttccg 22980
acccacttat ggtgttggtc accaaccata cagagtagta gtactttcectt ttgaacttcect 23040
acatgcacca gcaactgttt gtggacctaa aaagtctact aatttggtta aaaacaaatg 23100
Lgtcaatttc aacttcaatg gtttaaaagg cacaggtgtt cttactgagt ctaacaaaaa 23160
gtttctgcect ttccaacaat ttggcagaga cattgctgac actactgatg ctgtccgtga 23220
tccacagaca cttgagattc ttgacattac accatgttct tttggtggtg tcagtgttat 23280
aacaccagga acaaatactt ctaaccaggt tgctgttcectt tatcagggtg ttaactgcac 23340
agaagtccct gttgctattc atgcagatca acttactcecct acttggcegtg tttattctac 23400
aggttctaat gtttttcaaa cacgtgcagg ctgtttaata ggggctgaat atgtcaacaa 23460
ctcatatgag tgtgacatac ccattggtgc aggtatatgc gctagttatc agactcagac 23320
taagtctcat cggcgggcac gtagtgtagce tagtcaatcce atcattgceccect acactatgte 23580
acttggtgca gaaaattcag ttgcttactc taataactct attgccatac ccacaaattt 23640
tactattagt gttaccacag aaattctacc agtgtctatg accaagacat cagtagattg 23700
tacaatgtac atttgtggtg attcaactga atgcagcaat cttttgttgce aatatggcag 23760
tttttgtaca caattaaaac gtgctttaac tggaatagct gttgaacaag acaaaaacac 23820
ccaagaagtt tttgcacaag tcaaacaaat ttacaaaaca ccaccaatta aatattttgg 23880
tggttttaat ttttcacaaa tattaccaga tccatcaaaa ccaagcaaga ggtcatttat 23840
tgaagatcta cttttcaaca aagtgacact tgcagatgct ggcttcatca aacaatatgg 24000
tgattgcctt ggtgatattg ctgctagaga cctcatttgt gcacaaaagt ttaaaggect 24060
tactgttttg ccacctttge tcacagatga aatgattgct caatacactt ctgcactgtt 24120
agcgggtaca atcacttctg gttggacctt tggtgcaggt gctgcattac aaataccatt 24180
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tgctatgcaa atggcecttata ggtttaatgg tattggagtt acacagaatg ttcectcectatga 24240
gaaccaaaaa ttgattgcca accaatttaa tagtgctatt ggcaaaattc aagactcact 24300
ttcttccaca gcaagtgcac ttggaaaact tcaagatgtg gtcaaccata atgcacaagce 24360
tttaaacacg cttgttaaac aacttagctc caaatttggt gcaatttcaa gtgttttaaa 24420
tgatatcttt tcacgtcttg acaaagttga ggctgaagtg caaattgata ggttgatcac 24480
aggcagactt caaagtttgc agacatatgt gactcaacaa ttaattagag ctgcagaaat 24540
cagagcttct gctaatcttg ctgctactaa aatgtcagag tgtgtacttg gacaatcaaa 24600
aagagttgat ttttgtggaa agggctatca tcttatgtcce ttccecctcagt cagcacctca 24660
tggtgtagtc ttcecttgcatg tgacttatgt ccctgcacaa gaaaagaact tcacaactge 24720
tcctgeccatt tgtcatgatg gaaaagcaca ctttcecctegt gaaggtgtcet ttgtttcaaa 24780
tggcacacac tggtttgtaa cacaaaggaa tttttatgaa ccacaaatca ttactacaga 24840
caacacattt gtgtctggta actgtgatgt tgtaatagga attgtcaaca acacagttta 243800
tgatcctttyg caacctgaat tagactcatt caaggaggag ttagataaat attttaagaa 24960
tcatacatca ccagatgttg atttaggtga catctctggce attaatgctt cagttgtaaa 25020
cattcaaaaa gaaattgacc gcctcaatga ggttgccaag aatttaaatg aatctctcat 25080
cgatctccaa gaacttggaa agtatgagca gtatataaaa tggccatggt acatttgget 25140
aggttttata gctggcttga ttgccatagt aatggtgaca attatgcttt gctgtatgac 25200
cagttgctgt agttgtctca agggctgttg ttcecttgtgga tcecctgctgca aatttgatga 25260
agacgactct gagccagtgc tcaaaggagt caaattacat tacacataaa cgaacttatg 25320
gatttgttta tgagaatctt cacaattgga actgtaactt tgaagcaagg tgaaatcaag 25380
gatgctactc cttcagattt tgttcgcgcet actgcaacga taccgataca agcecctcactce 25440
cctttcggat ggcecttattgt tggcecgttgca cttcecttgetg tttttcagag cgcttccaaa 25500
atcataactc tcaaaaagag atggcaacta gcactctcca agggtgttca ctttgtttge 25560
aacttgctgt tgttgtttgt aacagtttac tcacaccttt tgctcgttgce tgctggecctt 25620
gaagcccctt ttectcectatcet ttatgettta gtctacttcet tgcagagtat aaactttgta 25680
agaataataa tgaggctttg gectttgctgg aaatgccecgtt ccaaaaaccce attactttat 25740
gatgccaact attttctttg ctggcatact aattgttacg actattgtat accttacaat 25800
agtgtaactt cttcaattgt cattacttca ggtgatggca caacaagtcc tatttctgaa 25860
catgactacc agattggtgg ttatactgaa aaatgggaat ctggagtaaa agactgtgtt 258420
gtattacaca gttacttcac ttcagactat taccagctgt actcaactca attgagtaca 25980
gacactggtg ttgaacatgt taccttcttc atctacaata aaattgttga tgagcctgaa 26040
gaacatgtcc aaattcacac aatcgacggt tcatccggag ttgttaatcecc agtaatggaa 260100
ccaatttatg atgaaccgac gacgactact agcgtgcecctt tgtaagcaca agctgatgag 26160
tacgaactta tgtactcatt cgtttcggaa gagataggta cgttaatagt taatagcecgta 26220
cttecttttte ttgcectttegt ggtattcecttg ctagttacac tagccatccect tactgcecgett 26280
cgattgtgtg cgtactgctg caatattgtt aacgtgagtc ttgtaaaacc ttctttttac 26340
gtttactctc gtgttaaaaa tctgaattct tctagagttce ctgatcttcect ggtctaaacg 26400
aactaaatat tatattagtt tttctgtttg gaactttaat tttagccatg gcaggttcca 26460
acggtactat taccgttgaa gagcttaaaa agctceccttga agaatggaac ctagtaatag 26520
gtttcctatt ccttacatgg atttgtcecttce tacaatttgce ctatgccaac aggaataggt 26580
ttttgtatat aattaagtta attttcctct ggctgttatg gccagtaact ttaacttgtt 26640
ttgtgcttge tgctgtttac agaataaatt ggatcaccgg tggaattgcet atcgcaatgg 26700
cttgtcttgt aggcttgatg tggctcagct acttcattge ttcectttcaga ctgtttgecge 26760
gtacgcgttc catgtggtca ttcaatccag aaactaacat tcecttctcaac gtgceccactcecce 26820
atggcactat tctgaccaga ccgcecttctag aaagtgaact cgtaatcgga gctgtgatcce 26880
ttcgtggaca tcttcecgtatt gctggacacce atctaggacg ctgtgacatc aaggacctgce 260840
ctaaagaaat cactgttgct acatcacgaa cgctttctta ttacaaattg ggagcttcecge 27000
agcgtgtage aggtgactca ggttttgectg catacagtcg ctacaggatt ggcaactata 27060
aattaaacac agaccattcc agtagcagtg acaatattge tttgcecttgta cagtaagtga 27120
caacagatgt ttcatctcgt tgactttcag gttactatag cagagatatt actaattatt 27180
atgcggactt ttaaagtttc catttggaat cttgattaca tcataaacct cataattaaa 27240
aatttatcta agtcactaac tgagaataaa tattctcaat tagatgaaga gcaaccaatg 27300
gagattgatt aaacgaacat gaaaattatt cttttcttgg cactgataac actcgctact 27360
tgtgagcttt atcactacca agagtgtgtt agaggtacaa cagtactttt aaaagaacct 27420
tgctcttctyg gaacatacga gggcaattca ccatttcatcec ctctagctga taacaaattt 27480
gcactgactt gctttagcac tcaatttgct tttgecttgtcec ctgacggcecgt aaaacacgtce 27240
tatcagttac gtgccagatc agtttcacct aaactgttca tcagacaaga ggaagttcaa 27600
gaactttact ctccaatttt tcttattgtt gcggcaatag tgtttataac actttgecttce 27660
acactcaaaa gaaagacaga atgattgaac tttcattaat tgacttctat ttgtgetttt 27720
tagcctttcect gttattcctt gttttaatta tgcttattat cttttggttc tcacttgaac 27780
tgcaagatca taatgaaact tgtcacgcct aaacgaacat gaaatttcectt gttttcttag 27840
gaatcatcac aactgtagct gcatttcacc aagaatgtag tttacagtca tgtactcaac 27900
atcaaccata tgtagttgat gacccgtgtce ctattcactt ctattctaaa tggtatatta 27960
gagtaggagc tagaaaatca gcacctttaa ttgaattgtg cgtggatgag gctggttcta 28020
aatcacccat tcagtacatc gatatcggta attatacagt ttcctgttta ccttttacaa 28080
ttaattgcca ggaacctaaa ttgggtagtc ttgtagtgcg ttgttcecgttcec tatgaagact 28140
ttttagagta tcatgacgtt cgtgttgttt tagatttcat ctaaacgaac aaacttaaat 28200
gtctgataat ggaccccaaa atcagcgaaa tgcactccecgce attacgtttg gtggacccte 28260
agattcaact ggcagtaacc agaatggtgg ggcgcgatca aaacaacgtc ggccccaagg 28320
tttacccaat aatactgcgt cttggttcac cgctcectcact caacatggca aggaagacct 28380
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taaattccct cgaggacaag gcgttccaat taacaccaat agcagtceccag atgaccaaat 28440
tggctactac cgaagagcta ccagacgaat tcgtggtggt gacggtaaaa tgaaagatct 28200
cagtccaaga tggtatttct actacctagg aactgggcca gaagctggac ttccctatgg 28560
tgctaacaaa gacggcatca tatgggttgce aactgaggga gccttgaata caccaaaaga 28620
tcacattggc acccgcaatc ctgctaacaa tgctgcaatce gtgctacaac ttcecctcaagg 28680
aacaacattg ccaaaaggct tctacgcaga agggagcaga ggcggcagtc aagectcectte 28740
tcgttcctca tcacgtagtc gcaacagttc aagaaattca actccaggca gcagtaaacg 28800
aacttctcct gctagaatgg ctggcaatgg cggtgatgct gcectecttgectt tgctgcectget 288600
tgacagattyg aaccagcttg agagcaaaat gtctggtaaa ggccaacaac aacaaggcecca 28820
aactgtcact aagaaatctg ctgctgaggce ttctaagaag cctcecggcaaa aacgtactge 289880
cactaaagca tacaatgtaa cacaagcttt cggcagacgt ggtccagaac aaacccaagg 29040
aaattttggg gaccaggaac taatcagaca aggaactgat tacaaacatt ggccgcaaat 29100
tgcacaattt gcccceccagceg cttecagegtt cttcggaatg tcecgegecattg gecatggaagt 29160
cacaccttcg ggaacgtggt tgacctacac aggtgccatc aaattggatg acaaagatcce 29220
aaatttcaaa gatcaagtca ttttgctgaa taagcatatt gacgcataca aaacattccce 29280
accaacagag cctaaaaagg acaaaaagaa gaaggctgat gaaactcaag ccttaccgca 29340
gagacagaag aaacagcaaa ctgtgactct tcttcecctget gecagatttgg atgatttcte 29400
caaacaattg caacaatcca tgagcagtgce tgactcaact caggcctaaa ctcatgcaga 29460
ccacacaagg cagatgggct atataaacgt tttcecgetttt ccecgtttacga tatatagtcect 29520
actcttgtge agaatgaatt ctcgtaacta catagcacaa gtagatgtag ttaactttaa 29580
tctcacatag caatctttaa tcagtgtgta acattaggga ggacttgaaa gagccaccac 29640
attttcaccyg aggccacgcg gagtacgatc gagtgtacag tgaa 29684
SEQ ID NO: 2 moltyvpe = DNA length = 3813
FEATURE Location/Qualifiers
source 1..36813
mol type = other DNA
organlism = Coronavirus
CDS 1..3813
SEQ ID NO: 2
atgtttgttt ttcttgtttt attgccacta gtctctagtc agtgtgttaa tcttacaacc 60
agaactcaat taccccecctgce atacactaat tcectttcacac gtggtgttta ttaccctgac 120
aaagttttca gatcctcagt tttacattca actcaggact tgttcttacce tttcecttttcece 180
aatgttactt ggttccatgt tatctctggg accaatggta ctaagaggtt tgataaccct 240
gtcctaccat ttaatgatgg tgtttatttt gecttccattg agaagtctaa cataataaga 300
ggctggattt ttggtactac tttagattcg aagacccagt ccctacttat tgttaataac 360
gctactaatg ttgttattaa agtctgtgaa tttcaatttt gtaatgatcce atttttggac 420
cacaaaaaca acaaaagttg gatggaaagt gagttcagag tttattctag tgcgaataat 480
tgcacttttg aatatgtctc tcagecectttt cttatggacc ttgaaggaaa acagggtaat 540
ttcaaaaatc ttagggaatt tgtgtttaag aatattgatg gttattttaa aatatattct 00
aagcacacgce ctattatagt gcgtgagcca gaagatctcecce ctcagggttt ttcecggettta ©60
gaaccattgg tagatttgcc aataggtatt aacatcacta ggtttcaaac tttacttgct 720
ttacatagaa gttatttgac tcctggtgat tcecttcecttcag gttggacagce tggtgcectgca 780
gecttattatg tgggttatcect tcaacctagg acttttcectat taaaatataa tgaaaatgga 8490
accattacag atgctgtaga ctgtgcactt gaccctctcect cagaaacaaa gtgtacgttg 900
aaatccttca ctgtagaaaa aggaatctat caaacttcta actttagagt ccaaccaaca 960
gaatctattg ttagatttcc taatattaca aacttgtgcc cttttgatga agtttttaac 1020
gccaccagat ttgcatctgt ttatgecttgg aacaggaaga gaatcagcaa ctgtgttget 1080
gattattctg tcctatataa tctecgecacca tttttcactt ttaagtgtta tggagtgtet 1140
cctactaaat taaatgatct ctgctttact aatgtctatg cagattcatt tgtaattaga 1200
ggtgatgaag tcagacaaat cgcltccaggg caaactggaa atattgctga ttataattat 1260
aaattaccag atgattttac aggctgcecgtt atagcecttgga attctaacaa gcecttgattcect 1320
aaggttagtyg gtaattataa ttacctgtat agattgttta ggaagtctaa tctcaaacct 1380
tttgagagag atatttcaac tgaaatctat caggccggta acaaaccttg taatggtgtt 1440
gcaggtttta attgttactt tcctttacga tcatatagtt tceccgacccac ttatggtgtt 1500
ggtcaccaac catacagagt agtagtactt tcttttgaac ttctacatgc accagcaact 1560
gtttgtggac ctaaaaagtc tactaatttg gttaaaaaca aatgtgtcaa tttcaacttcec 1620
aatggtttaa aaggcacagg tgttcttact gagtctaaca aaaagtttct gcecctttccaa 1680
caatttggca gagacattgc tgacactact gatgctgtceccec gtgatccaca gacacttgag 1740
attcttgaca ttacaccatg ttcttttggt ggtgtcagtg ttataacacc aggaacaaat 1800
acttctaacc aggttgctgt tcectttatcag ggtgttaact gcacagaagt ccctgttgect 1860
attcatgcag atcaacttac tcctacttgg cgtgtttatt ctacaggttc taatgttttt 1920
caaacacgtg caggctgttt aataggggct gaatatgtca acaactcata tgagtgtgac 1980
atacccattg gtgcaggtat atgcgctagt tatcagactc agactaagtc tcatcggcecgg 2040
gecacgtagtg tagctagtca atccatcatt gcctacacta tgtcacttgg tgcagaaaat 2100
tcagttgctt actctaataa ctctattgcc atacccacaa attttactat tagtgttacc 2160
acagaaattc taccagtgtc tatgaccaag acatcagtag attgtacaat gtacatttgt 2220
ggtgattcaa ctgaatgcag caatcttttg ttgcaatatg gcagtttttg tacacaatta 2280
aaacgtgctt taactggaat agctgttgaa caagacaaaa acacccaaga agtttttgca 2340
caagtcaaac aaatttacaa aacaccacca attaaatatt ttggtggttt taatttttca 2400
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caaatattac cagatccatc aaaaccaadc aagaggtcat ttattgaaga tectactttte 2460
aacaaagtga cacttgcaga tgctggcttc atcaaacaat atggtgattg ccttggtgat 2520
attgctgcta gagacctcat ttgtgcacaa aagtttaaag gccttactgt tttgccacct 2580
ttgctcacag atgaaatgat tgctcaatac acttctgcac tgttagcggg tacaatcact 2640
tctggttgga cctttggtgce aggtgctgca ttacaaatac catttgcectat gcaaatgget 2700
tataggttta atggtattgg agttacacag aatgttctct atgagaacca aaaattgatt 2760
gccaaccaat ttaatagtgce tattggcaaa attcaagact cactttcttc cacagcaagt 2820
gecacttggaa aacttcaaga tgtggtcaac cataatgcac aagctttaaa cacgcecttgtt 2880
aaacaactta gctccaaatt tggtgcaatt tcaagtgttt taaatgatat cttttcacgt 2940
cttgacaaag ttgaggctga agtgcaaatt gataggttga tcacaggcag acttcaaagt 3000
ttgcagacat atgtgactca acaattaatt agagctgcag aaatcagagce ttctgctaat 3060
cttgctgcta ctaaaatgtc agagtgtgta cttggacaat caaaaagagt tgatttttgt 3120
ggaaagggct atcatcttat gtccttceccecct cagtcagcac ctcatggtgt agtcttcecttg 3180
catgtgactt atgtccctgc acaagaaaadg aacttcacaa ctgctcecctge catttgtcat 3240
gatggaaaag cacactttcc tcecgtgaaggt gtcectttgttt caaatggcac acactggttt 3300
gtaacacaaa ggaattttta tgaaccacaa atcattacta cagacaacac atttgtgtect 3360
ggtaactgtg atgttgtaat aggaattgtc aacaacacag tttatgatcc tttgcaacct 3420
gaattagact cattcaagga ggagttagat aaatatttta agaatcatac atcaccagat 3480
gttgatttag gtgacatctc tggcattaat gcecttcagttg taaacattca aaaagaaatt 3540
gaccgcctca atgaggttgce caagaattta aatgaatctc tcatcgatcect ccaagaactt 3600
ggaaagtatg agcagtatat aaaatggcca tggtacattt ggctaggttt tatagctggce 3660
ttgattgcca tagtaatggt gacaattatg ctttgctgta tgaccagttg ctgtagttgt 3720
ctcaagggct gttgttcttg tggatcctgce tgcaaatttg atgaagacga ctctgagcecca 3780
gtgctcaaag gagtcaaatt acattacaca taa 3813
SEQ ID NO: 3 moltvpe = AA length = 1270
FEATURE Location/Qualifiers
source 1..1270

mol type = protein

organlism = Coronavirus
SEQ ID NO: 3
MEFVFLVLLPL VSSQCVNLTT RTQLPPAYTN SEFTRGVYYPD KVEFRSSVLHS TOQDLFLPEES  ©0
NVITWFHVISG TNGTKRFDNP VLPFNDGVYF ASIEKSNIIR GWIFGTTLDS KTQSLLIVNN 120
ATNVVIKVCE FQFCNDPFLD HKNNKSWMES EFRVYSSANN CTEFEYVSQOPEF LMDLEGKQOGN 180
FKNLREFVFK NIDGYFKIYS KHTPIIVREP EDLPQGFSAL EPLVDLPIGI NITRFQTLLA 240
LHRSYLTPGD SSSGWTAGAA AYYVGYLQPR TEFLLKYNENG TITDAVDCAL DPLSETKCTL 300
KSEFTVEKGILY QTSNEFRVQPT ESIVREPNIT NLCPFDEVEN ATRFASVYAW NRKRISNCVA 3600
DYSVLYNLAP FFTEFKCYGVS PTKLNDLCEFT NVYADSFVIR GDEVRQIAPG QTGNIADYNY 420
KLPDDFTGCYV TAWNSNKLDS KVSGNYNYLY RLFRKSNLKP FERDISTEIY QAGNKPCNGY 480
AGEFNCYFPLR SYSEFRPTYGYV GHQPYRVVVL SFELLHAPAT VCGPKKSTNL VKNKCVNENE 540
NGLKGTGVLT ESNKKFLPFQ QFGRDIADTT DAVRDPQTLE ILDITPCSEFG GVSVITPGTN o000
TSNOQVAVLYQ GVNCTEVPVA THADQLTPTW RVYSTGSNVE QTRAGCLIGA EYVNNSYECD 660
IPIGAGICAS YQTQTKSHRR ARSVASQSII AYTMSLGAEN SVAYSNNSIA IPTNFTISVT 720
TEILPVSMTK TSVDCTMYIC GDSTECSNLL LOYGSEFCTQL KRALTGIAVE QDEKNTQEVFA 780
QVKQIYKTPP IKYFGGEFNFS QILPDPSKPS KRSEFIEDLLE NKVTLADAGE IKQYGDCLGD 840
TAARDLICAQ KFKGLTVLPP LLTDEMIAQY TSALLAGTIT SGWTEFGAGAA LQIPFAMOMA 900
YRENGIGVTQ NVLYENQKLI ANQFNSAIGK IQDSLSSTAS ALGKLODVVN HNAQALNTLYV 960
KOQLSSKEFGATI SSVLNDIFSR LDKVEAEVQI DRLITGRLOS LOQTYVTQQOLI RAAEIRASAN 1020
LAATKMSECY LGQSKRVDFC GKGYHLMSEFP QSAPHGVVFL HVTYVPAQEK NEFTTAPAICH 1080
DGKAHFPREG VEFVSNGTHWE VTQRNFYEPQ IITTDNTEVS GNCDVVIGIV NNTVYDPLQP 1140
ELDSFKEELD KYFKNHTSPD VDLGDISGIN ASVVNIQKEI DRLNEVAKNL NESLIDLOEL 1200
GKYEQYIKWP WYIWLGFIAG LIAIVMVTIM LCCMTSCCSC LKGCCSCGSC CKFDEDDSEP 1260
VLKGVKLHYT 1270
SEQ ID NO: 4 moltyvpe = DNA length = 719
FEATURE Location/Qualifiers
source 1..719

mol type = other DNA

organlism = Synthetic construct
CDS 1..708
SEQ ID NO: 4
atggtgagca aaggagaaga Jgacaacatg gcatcactcc cagctacaca tgagcectgcat 60
atcttcggat ccatcaacgg agtggacttc gatatggtgg gacagggtac agggaaccca 120
aacgacggat acgaggagtt gaacctgaag agtaccaagg gagacctgca gttctcacca 180
tggatactcg tcccacatat aggatacggce tttcatcagt acctgcecceccta tccagacgga 240
atgtcacctt tccaggcagc catggttgac gggagcecggtt accaggtcca caggacaatg 300
cagtttgagg acggagcctc attgaccgtyg aactacagat atacctacga aggaagccat 360
atcaagggag aggctcaadgt gaagggaact ggattcccag cggacggacce cgtgatgacc 420
aacagtctga cggctgcaga ctggtgcaga tccaaaaaga cctacccaaa tgacaagaca 480
atcataagca ccttcaagtg gtcatacact acaggaaacqg ggaagagata caggagcact 240



US 2023/0303634 Al Sep. 28, 2023

24
-continued

gccagaacca caltacacttt cgccaagcecct atggctgcaa actacctcaa gaaccaaccce 600
atgtatgtgt tcagaaagac agaactgaag cattctaaga ccgaactgaa cttcaaggag ©690
tggcagaagg cctttactga cgtgatggga atggacgaac tctacaagta attaattaa 7119
SEQ ID NO: 5 moltyvpe = AA length = 236
FEATURE Location/Qualifiers
source 1..230

mol type = proteiln

organlism = Synthetic construct
SEQ ID NO: S
MVSKGEEDNM ASLPATHELH IFGSINGVDF DMVGQGTGNP NDGYEELNLK STKGDLQESP 60
WILVPHIGYG FHQYLPYPDG MSPFQAAMVD GSGYQVHRTM QFEDGASLTV NYRYTYRGSH 120
TKGEAQVKGT GEFPADGPVMT NSLTAADWCR SKKTYPNDKT IISTFKWSYT TGNGKRYRST 180
ARTTYTEFAKP MAANYLKNQP MYVFRKTELK HSKTELNFKE WQKAFTDVMG MDELYK 236
SEQ ID NO: © moltype = DNA length = 513
FEATURE Location/Qualifiers
source 1..513

mol type = other DNA

organlism = Synthetic construct
CDS 1..513
SEQ ID NO: ©
atggtcttca cactcgaaga tttcecgttggg gactggcgac agacagccgg ctacaacctg 60
gaccaagtcc ttgaacaggg aggtgtgtcce agtttgtttc agaatctcgg ggtgtceccecgta 120
actccgatcce aaaggattgt cctgagcecggt gaaaatgggce tgaagatcga catccatgtce 180
atcatccecgt atgaaggtct gagcggcgac caaatgggcec agatcgaaaa aatttttaag 240
gtggtgtacc ctgtggatga tcatcacttt aaggtgatcc tgcactatgg cacactggta 300
atcgacgggg ttacgccgaa catgatcgac tatttcggac ggceccecgtatga aggcatcgcecce 360
gtgttcgacyg gcaaaaagat cactgtaaca gggaccctdgt ggaacggcaa caaaattatc 420
gacgagcgcc tgatcaaccc cgacggcectcecce ctgectgttcce gagtaaccat caacggagtg 480
accggctgge ggctgtgcecga acgcattctg gcg 013
SEQ ID NO: 7/ moltype = AA length = 171
FEATURE Location/Qualifiers
source 1..171

mol type = protein

organlism = Synthetic construct
SEQ ID NO: 7
MVETLEDFVG DWRQTAGYNL DOQVLEQGGVS SLFONLGVSV TPIQRIVLSG ENGLKIDIHV 60
IIPYEGLSGD QMGQIEKIFK VVYPVDDHHE KVILHYGTLV IDGVTPNMID YFGRPYEGIA 120
VFDGKKITVT GTLWNGNKII DERLINPDGS LLFRVTINGV TGWRLCERIL A 171
SEQ ID NO: 8 moltyvpe = DNA length = 1650
FEATURE Location/Qualifiers
source 1..1650

mol type = other DNA

organlism = Synthetic construct
CDS 1..1650
SEQ ID NO: B
atggaagatg ccaaaaacat taagaagggc ccagcgccat tcectacccact cgaagacggg 60
accgccggcyg agcagctgca caaagceccatdg aagcecgctacg ccctggtgcece cggcecaccatce 120
gecectttaccyg acgcacatat cgaggtggac attacctacg ccgagtactt cgagatgage 180
gttcggctgg cagaagctat gaagcecgcectat gggctgaata caaaccatcg gatcgtggtg 240
tgcagcgaga atagcttgca gttcecttcatg cececgtgttgg gtgeccectgtt catcggtgtg 300
gctgtggcece cagctaacga catctacaac gagcgcgagce tgctgaacag catgggcatce 360
agccagccca ccgtecgtatt cgtgagcaag aaagggctgce aaaagatcecct caacgtgcaa 420
aagaagctac cgatcataca aaagatcatc atcatggata gcaagaccga ctaccagggce 480
ttccaaagca tgtatacctt cgtgacttcce catttgccac ccggcecttcaa cgagtacgac 540
ttcgtgccecyg agagecttcga ccgggacaaa accatcecgceccecce tgatcatgaa cagtagtgge ©00
agtaccggat tgcccaaggg cgtagcceccta ccgcecaccgca ccecgettgtgt ccgattcagt ©60
catgcccgcecg accccatcectt cggcaaccag atcatccceccg acaccgcetat cctcagegtg 720
gtgccatttc accacggctt cggcatgttc accacgctgg gctacttgat ctgcecggettt 780
cgggtcgtge tcatgtaccg cttcecgaggag gagcectattcect tgcgcagett gcaagactat 840
aagattcaat ctgccctgcect ggtgcccaca ctatttaget tcecttcecgctaa gagcactcte 900
atcgacaagt acgacctaag caacttgcac gagatcgcca gcggcggggce gceccecgcectcage 960
aaggaggtag gtgaggccgt ggccaaacgce ttccacctac caggcatccecg ccagggctac 1020
ggcctgacag aaacaaccag cgccattctg atcacccecceccg aaggggacga caagcecctgge 1080
gcagtaggca aggtggtgcce cttecttcecgag getaaggtgg tggacttgga caccggtaag 1140
acactgggtg tgaaccagcg cggcgagcectg tgegtcegtg gecceccatgat catgagecgge 1200
tacgttaaca accccgaggce tacaaacgct ctcatcgaca aggacggcectg getgcacage 1260
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ggcgacatcyg cctactggga cgaggacgag cacttcecttceca tegtggaccyg gectgaagage 1320
ctgatcaaat acaagggcta ccaggtagcc ccagccgaac tggagagcat cctgctgcaa 1380
caccccaaca tcecttcecgacgce cggggtcecgcece ggectgcecceccg acgacgatgce cggcecgagetg 1440
cccgceccecgcag tecgtegtgcect ggaacacggt aaaaccatga ccgagaagga gatcgtggac 1500
tatgtggcca gccaggttac aaccgccaadg aagctgcecgceg gtggtgttgt gttcecgtggac 1560
gaggtgccta aaggactgac cggcaagttg gacgcecccecgceca agatccgcecga gattctcatt 1620
aaggccaaga agggtggtaa gatcgccgtdg 1650
SEQ ID NO: ¢ moltyvpe = AA length = 530
FEATURE Location/Qualifiers
source 1..0500
mol type = protein
organlism = Synthetic construct
SEGQ ID NO: 9
MEDAKNIKKG PAPFYPLEDG TAGEQLHKAM KRYALVPGTI AFTDAHIEVD ITYAEYFEMS 60
VRLAEAMKRY GLNTNHRIVV CSENSLOFFM PVLGALFIGYV AVAPANDIYN ERELLNSMGI 120
SQPTVVEVSK KGLOQKILNVQ KKLPIIQKII IMDSKTDYQG FQSMYTEVTS HLPPGENEYD 180
FVPESFDRDK TIALIMNSSG STGLPKGVAL PHRTACVRES HARDPIFGNQ IIPDTAILSV 240
VPFHHGEFGMF TTLGYLICGEF RVVLMYRFEE ELFLRSLODY KIQSALLVPT LESEFFAKSTL 300
IDKYDLSNLH EIASGGAPLS KEVGEAVAKR FHLPGIRQGY GLTETTSAIL ITPEGDDKPG 360
AVGKVVPFFE AKVVDLDTGK TLGVNQRGEL CVRGPMIMSG YVNNPEATNA LIDKDGWLHS 420
GDIAYWDEDE HFFIVDRLKS LIKYKGYQVA PAELESILLO HPNIFDAGVA GLPDDDAGEL 480
PAAVVVLEHG KTMTEKEIVD YVASQVTTAK KLRGGVVEVD EVPKGLTGKL DARKIREILI 540
KAKKGGKTIAV 220

1. A recombinant DNA expression cassette comprising a
recombinant SARS-CoV-2 nucleic acid segment encoding a
heterologous S protein and a reporter protein replacing an
ORF7a encoding segment.

2. The expression cassette of claim 1, wherein the hetero-
logous S protein 1s a vanant of SEQ ID NO:2.

3. The expression cassette of claim 1, wherem the nucleic
acid segment encoding the heterologous S proten has a
nucleic acid sequence that 1s at least 98% 1dentical to the
nucleic acid sequence of SEQ ID NO:2.

4. The expression cassette of claim 1, wheremn the nucleic
acid encoding the heterologous S protein has a nucleic acid
sequence of SEQ ID NO:2.

S. The expression cassette of claim 1, wherein the encoded
heterologous S protemn has an amino acid sequence that 1s at
least 98% 1dentical to SEQ 1D NO:3.

6. The expression cassette of claim 1, wherein the encoded
heterologous S protein has an amino acid sequence of SEQID
NO:3.

7. The expression cassette of claim 1, wherein the recombi-
nant SARS-CoV-2 nucleic acid segment 1s at least 95% 1den-
tical to the nucleic acid sequence of SEQ ID NO:1.

8. The expression cassette of claim 1, wherein the SARS-
CoV-2 nucleic acid segment 1s at least 99% 1dentical to the
nucleic acid sequence of SEQ ID NO:1.

9. The expression cassette of claim 1, wherein the SARS-
CoV-2 nucleic acid segment has a nucleic acid sequence of
SEQ ID NO:1.

10. The expression cassette of claim 1, wherein the expres-
s1on cassette 1s comprised 1n a plasmid backbone.

11. The expression cassette of claim 1, wherein the SARS-
CoV-2 nucleic acid segment 1s operatively coupled to a het-
erologous promoter segment.

12. (canceled)

13. A recombinant SARS-CoV-2 genome comprising a
nucleic acid sequence encoding a heterologous S protein and
a reporter protein replacing an ORF7a encoding segment.

14. The recombinant SARS-CoV-2 of claim 13, wherein

the reporter protein 1s a fluorescent or luminescent protein.
15. The recombinant SARS-CoV-2 of claim 14, wherein

the fluorescent protein 1s mNeonGreen protein.
16. The recombinant SARS-CoV-2 of claim 14, wherein

the luminescent protein 1s nanoluciferase protem.

17. A recombinant ¢cDNA comprising a nucleic acid
sequence encoding a heterologous S protemn and a reporter
protem replacing an ORF7a.

18. The recombinant cDNA of claim 17, wherein the het-

erologous S protein 1s a variant of SEQ ID NO:2.

19. The recombinant ¢cDNA wherein the nucleotide
sequence 18 95, 96, 97, 98, 99 to 100% 1dentical to SEQ ID
NO:1.

20. An assay tor SARS-CoV-2 replication comprising:

contacting a cultured cell expressing or containinga SARS-

CoV-2 nucleotide sequence of claim 1 forming atest cell;
contacting the test cell with a test agent; and

assessing the replication of the SARS-CoV-2 1n the pre-

sence of the test agent.

21. The assay of claim 20, wherein the cultured cell 1s a Vero
cell.

22-24. (canceled)
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